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PREFACE.

Some years since, I announced to the public an in-
tention of preparing a series of text books, in Natural
Philosophy and Astronomy, adapted, respectively,’to
Colleges, Academies, and Common Schools. A Trea-
tise on Natural Philosophy in two volumes, 8vo, and
a Treatise on Astronomy in one volume, 8vo, a School
Philosophy, and a School Astronomy, each in a duode-
cimo volume, have long been before the public, and
have passed through numerous editions. Various en-
gagements have prevented my completing, until now,
the original plan, by adding a work of a form and price
adapted to the primary schools, and in a style so easy
and familiar, as to be suited to pupils of an earlier age
than my previous works.

In writing a book for the pupils of our Common
Schools, or for the younger classes in Academies, I
do not, however, consider myself as writing for the
ignorant and uncultivated, but rather for those who
have but little time for these studies, and who, there-
fore, require a choice selection of principles, of the
highest practical utility, and desire the greatest possible
amount of valuable information on the subjects of Nat-
ural Philosophy and Astronomy, in the smallest com-
pass. The image which I have had constanvy belore
me, is that of an intelligent scholar, of ¢** - sex,{tom
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twelve to sixteen years of age, bringing to the subject
a mind improved by a previous course of studies, and
a capacity of being interested in this new and pleas-
ing department of knowledge. I have imagined the
learner, after having fully mastered the principles ex-
plained in the first part, which treats of Natural Phi-
losophy, entering upon Astronomy, in the second part,
with a capacity much enlarged by what he has already
acquired, and with a laudable curiosity to learn the se-
crets of the skies. 1 have imagined his teacher lend-
ing him occasional aid from a map of the stars, or a
celestial globe, and stimulating as well as rewarding
his curiosity, by pointing out to him the constellations.
It is hoped, also, that most of the teachers who use
this work, will have the still higher advantage of afford-
ing to youthful curiosity a view with which it is al-
ways delighted,—that of the moon, planets, and stars,
through a telescope.

I should deem myself incompetent to write a book
like the present, if I had not been, myself, a teacher,
first in a common school, and afterwards in an acad-
emy or grammar school of the higher order. No one,
in my judgment, is qualified to write text books in any -
department of instruction, who does not know, by ac-
tual experience, the precise state of mind of the pupils
for whom he writes. Several years of experience in
teaching the rudiments of knowledge, in my early life,
and the education of a large family at a later period,
have taught me the devices by which the minds of

Young learners are to be addressed, in order Wnat wh-
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" jects at once new, and requiring some powers of re-
flection to understand them, may be comprehended
with perfect clearness, and of course with lively plea-
sure. Children are naturally fond of inquiring into
the causes «of things. We may even go farther, and
say, that they begin from infancy to interrogate nature
in the only true and successful mode,—that of experi-
ment and observation. With the taper, which first
firxes the gaze of the infant eye, the child commences
his observations on heat and light. With throwing
from him his playthings, to the great perplexity of his
nurse, he begins his experiments in Mechanics, and
pursues them successively, as he advances in age,
studying the laws of projectiles and of rotary motion
in the arrow and the hoop, of hydrostatics in the dam
and the water wheel, and pneumatics in the wind mill
and the kite. I have in my possession an amusing and
well executed engraving, representing a family scene,
where a young urchin had cut open the bellows to find
the wind.- His little brother is looking over his shoul-
der with innocent and intense curiosity, while the
angry mother stands behind with the uplifted rod, and
a countenance which bespeaks the woe that impends
over the young philosopher. A more judicious parent
would have gently reproved the error; a more enlight-
ened parent might have hailed the omen as indicating
a Newton in disguise. .

It is earnestly hoped, that the Rudiments of Natural
Philosophy and Astronomy,—as much, at least, as is
contained in this small volume,—will be stodied
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every primary school in our land. In addition to the
intellectual and moral advantages, which might rea- -
sonably be expected from such a general diffusion of a
knowledge of the laws of nature, and the structure of
the universe, incalculable advantages would result to
society from the acquaintance, which the laboring
classes would thus gain, with the principles of the arts;
principles which lie at the foundation of their daily
operations,—for a “principle in science is a rule in art.”
Such a knowledge of philosophical principles, would
suggest easier and more economical modes of perform-
ing the same labor; it would multiply inventions and
discoveries ; and it would alleviate toil by mingling with
it a constant flow of the satisfaction which always at-
tends a clear understanding of the principles of the arts.
Although this treatise is especially designed for
schools, yet I would venture to recommend it to read-
ers of a more advanced age, who may desire a concise
and comprehensive view of the most important and
practical principles of Natural Philosophy and Astron-
omy, comprising the latest discoveries in both these
sciences. The part.on Astronomy, especially, when
compared with the sketches contained in similar works,
may be found, perhaps, to have some advantages in
the selection of points most important to be generally
known—in perspicuity of style and arrangement—and
in simplicity and fullness of illustration. It may, how-
ever, be more becoming for the author to submit this
comparison to the judgment of the intelligent reader.
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RUDIMENTS

OF

NATURAL PHILOSOPHY AND ASTRONOMY.

PART I.
NATURAL PHILOSOPHY.

INTRODUCTION.*

GRAND DIVISIONS OF THE NATURAL S8CIENCES.,

1. Asin Geography we have a clearer understanding
of particular countries, if we first learn the great divis-
ions of the globe, so we shall see more fully the pecu-
liar nature of the sciences we are now to study, if we
first learn into what distinct provinces the great empire
of science is divided.

To describe and classify the external appearances of
things in nature, is the province of Natural History ;
to explain the causes of such appearances, and of all
the changes that take place in the material world, is
the province of Natural Philosophy. The properties
of bodies which are presented to the senses, such as
form, size, color, and the like, are called external char-
acters ; all events or occurrences in the material world,
are called phenomens. Natural History is occupied

®Instructors may find it expedient, in the case of very young learners, to

pass over this Introduction, beginning at Chapter I; but when the state of

the “ruyil is sufficiently advanced, we recommend its being well treasured up
e memory.

QUESTIONS.

ArTICLE 1. What is the province of Natural History? Of Natural
Phi ?  What properties of bodies are called the external charac-
ters? are phenomena? With what is Natural History chiety
2 ~
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chiefly with the external characters of bodies, whick
it describes and classifies ; Natural Philosophy, with
phenomena, which it reduces under general laws.
Thus, the natural historian first observes and describes
the external characters of animals, vegetables, and min-
erals, and then classifies them, by arranging such as
resemble each other in separate groups. The natw
ral philosopher, also, first observes and describes the
phenomena of nature and art, and brings together such
as are similar, under separate laws; for example, the
phenomena and laws of winds, of storms, of eclipses,
and of earthquakes.

2. We may form some idea of the method of classi-
fication in Natural History, and of the investigation of
general principles or laws in Natural Philosophy, by
taking examples in each. The individual bodies that
compose the animal, the vegetable, and the mineral
kingdoms, are so numerous that, in a single life, we
could make but little progress in acquiring a knowl-
edge of them, if it were not in our power to collect into
large groups, such as resemble each other in a greater
or less number of particulars. When this is done, our
progress becomes comparatively rapid ; for what we
then learn respecting the group, will apply equally to
all the individuals comprised in it. Hence, the various
bodies in the several kingdoms of nature, are distribu-
ted into classes, orders, genera, species, and varieties.
Thus, those minerals which are like each other in
having a certain well-known lustre, are collected to-
gether into one crLass,under the head of Metals; while
others destitute of this peculiar character, but having
certain other characters in common, are collected into

ooazmd ? Ditto Natural Philosophy ? Give an example of the objects
of the Natural Historian. Also of the Natural Philosopher.

2. Why is it necessary to classify the productions of nature? How
does nlci 8 clessification make our progress more rapid ! Into what
are the vanous bodies in nature dutn%ul ed?
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another class, under the head of Earths.®* But some
metals, as lead and iron, easily rust, while others, as
gold and silver, do not rust at all. Hence, metals are
distributed into two orDERS ; those which easily cor-
rode being called dase metals, and those which do not
corrode, noble metals. But the members of each order
have severally distinctive properties, which give rise
to a further division of an order into 6ENERA. Thus,
iron constitutes one genus and lead another, of the or-
der of base metals. But of each of these genera there
are several sorts, as wrought iron and cast iron, white
lead and red lead. Each genus, therefore, is subdivi-
ded into sPEcCIES, by grouping together such members
of the same genus as resemble each other in several
particulars. Finally, the individuals of each species
may differ from each other, and hence the species is
still further divided into varieTies. Thus, Swedes
iron and Russia iron, are varieties of the same species
of the genus wrought iron, of the order of base metals.

3. The knowledge we gain of any individual body,
depends upon the extent to which we carry the clas-
sification of it. It is something to ascertain the class
to which it belongs; for example, that the body is a
metal and not an earth. It is still more to learn to
what order of metals it belongs, as that it is one of the
base and not one of the noble metals. We have ad-
vanced still further when we have ascertained that it
belongs to the genus iron, and not to that of lead. If
we find that it 18 wrought and not cast iron, we ascer-
tain the species; and, finally, if we learn that it is

*Vhis example is given merely for the Tn-pooe of illustrating the methed
of elassification, and not of showing the clauification of minerals as actually
adopted. Fhis would be too technieal for our present purposes

Give an example of classification in the case of minerals,

3. Upon what does the knowledge we acquire of any individual
body depend? Show how we proceed from the class to the order,
from the order to the genus, from the genus to the species, and from
the species to the variety.
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18 NATURAL PHILOSOPHY.

that fell under its notice were multiplied, the field be-
came too vast for one mind, and it was divided into two
parts—what related to the earth belonged to Natural
Philosophy, while the study of the heavenly bodies
was erected into a separate department under the head
of Astronomy. By and by, however, the whole of
terrestrial nature, as the objects of inquiry were fur-
ther multiplied, presented too wide a field for one mind
to explore, and Natural Philosophy was restricted to
the investigation of the laws of nature, while the de-
scription and classification of the productions of the
several kingdoms of nature, was assigned to a distinct
department under the name of Natural History. Still,
it was a work too vast to take note of all the phenom-
ena of nature and art, and investigate all the laws that
govern them, and hence Natural Philosophy was again
divided into Mechanical Philosophy and Chemistry.
Mechanical Philosophy relates to the phenomena and
laws of masses of matter; Chemistry, to the phenom-
ena and laws of particles of matter. Mechanical
Philosophy considers those effects only which are not
attended by any change of nature, such as change of
place, (or motion,) change of figure, and the like.
Chemistry considers those effects which result from
the action of the particles of matter on each other,
and which more or less change the nature of bodies,
80 as to make them something different from what
they were before. Finally, it became too much for
one class of laborers to investigate the changes of na-
ture or constitution, which are constantly going on in
every body in nature, and in every process, natural or
artificial, and Chemistry was, therefore, restricted to

was it divided into two parts? 'What belonged to Natural Philosophy ?
What to Astronomy? ~ How was Natural Philosophy still further di-
vided? To what was it restricted? What was assigned to Natural
History? Into what was Natural Philoso&l,\ again divided? To
what does Mechanical Philosophy relate 1 K&t Chmdaléy ? What
fects does Mechanical Philosophy consider? What Chemistry ?
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inanimate matter, while what relates to living matter
was erected into a separate department under the head

-of Physiology.

8. Natural History, moreover, found for itself an
empire too vast, in attempting to describe and classify
the external appearances of all things in nature.
Hence this study has been successively divided into
various departments, the study of vegetables being re-
ferred to Botany ; of animals to Zoology ; of inanimate
substances to Mineralogy. Still further subdivisions
have been introduced into each of these branches of
Natural History, as the objects embraced in it have
multiplied. Thus, the study of that branch of Zoolo-
gy which relates to fishes, has been erected into a
separate department under the head of Ichthyology ;
of birds into Ornithology; and of insects into En-
tomology.

9. A division of the studies which relate to the
world we inhabit, has also been made into three de-
partments, Geography, Geology, and Meteorology ; all
objects on the surface of the earth being assigned to
Geography ; beneath the surface, to Geology; and
alove the surface, to Meteorology. Of these, Geog-
raphy, in this extensive signification, presents the
largest field, since it comprehends, among other things,
uaN and his works.

10. Mechanical Philosophy is, strictly speaking,
the branch of human knowledge which we now pro-
pose to learn ; but it still retains the original name,
Natural Philosophy, though in a sense greatly re-

How was Chemistry divided? To what restricted, and what was as-
signed to Physiology ? »

8. Into what has léatuml History been successively divided? What
was referred to Botany? What to Zoology? What to Mineralogy ?
What further subdivisions have been introduced into each of these
branches ? .

9. Into what three departments has all terrestrial nature been divi-
ded? What is assigned to Geography 7—what to Geology 7—and what
to Meteorology? Which presents the largest field 1
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stricted, compared with its ancient significations The
complete investigation of almost any subject, either of
nature or art, usually, in fact, enters the peculiar pro-
vince of several kindred departments of science. For
example, let us follow so simple a substance as bread,
from the sowing of the grain to its consumption as
food, and we shall find that the successive processes
involve, alternately, the principles of Mechanical Phi-
losophy, Chemistry, and Physiology. The ploughing
of the field is mechanical and not chemical, because
it acts on masses of matter, and produces no change
of nature in the matter on which it operates, so as to
make it something different from what it was before,
but merely changes its place. For similar reasons the
sowing of the grain is mechanical. But now a change
occurs in the nature of the seed. By the process
called germination, it sprouts and grows and becomes
a living plant. As this is a change which takes place
between the particles of matter, and changes the na-
ture of the body, it seems, by our definition, to belong
to Chemistry, and it would do so were not the changes
those of living matter: that brings it under the head
of Physiology. All that relates to the growth and
perfecting of the crop is, in like manner, physiological.
The reaping, carting, and threshing the wheat, are all
mechanical processes, acting as they do on masses of
matter, and producing no alteration of nature, but
merely a change of place. The grinding and separa-
tion of the grain into flour and bran, looks like a chem-
ical process, because it reduces the wheat to particles,
and brings out twon ew substances. We have, how-
ever, only changed the figure and place. The grain

10. What is strictly our subject? What other name does it still re-
tain? What is true of the complete investigation of any subject in
nature or art? How exemplified in the case of bread? Why is the
ploughing mechanical ? is the sowing mechanical I Why is the
germination Pll‘lyliologieal? ow is it wi’;,ﬂ the reaping, carting, and
threshing? 'The grinding and manufacture into flowr 7 Making the

[
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co; «f the same particles before and after grind-
ing  *-.v-'new substance is really produced by the
sep . - cf the flour from the bran, for both were con-

tain ,. ' livs mixture, having the same nature before as
after:. - s-¢jiwration. We next mix together flour, water,
and - »t, to make bread, and bring it to the state of
doug~ -*30 far the process is mechanical ; but now
the 1 ~ "¢ of these different substances begin to act
on es 2 o L7, by the process called fermentation, and

new : ' . uves are produced, not existing before in
cithe: .- .+ % - ingredients, and the whole mass becomes
some: '+ - +.i" & very different nature from either of the

articl. 1 '#lichit was formed. Here thenis a chem-
ieal cl. ng* Next we make the dough into loaves and
place . 7 1u ju the oven by processes which are me-
chanic - ' ; w again heat produces new changes among
the paz, clv i :nd brings out a new substance, bread,

- which i * »irely different in its nature both from the

origina! " :.'ients and from dough. This change,
therefo« 1~ rhemical. Finally, the bread is taken into

the mov:  :usiicated, and conveyed to the stomach
by meci;- “* 'al operations; but here it is subjected to
the actic ! the principle of life that governs the ani-

mal syst:  und therefore again comes under the pro-
vince of p;  iology.

11. T .. ./stinction between terms, which are apt
to be corin «led with each other, may frequently be
expressed ! ‘Angle words or short phrases, although

they may o~ nvey full and precise definitions. The
following »r~. ~amples: History respects facts ; Phi-
losophy, c:iis . Physics, matter ; Metaphysics, mind ;

Science,g::ie rinciples ; Art, rules and instruments.
Physical lav: - - modes of action; moral and civil
bread? Its j. w. . 1 Forming into loaves and placing in the
oven? The b4 -ting 7—the final change in the stomach ?

11. Whatd« .,. - ‘respect? What Philosophy ?—Physics %—
Mr.-u};hysim -y ' - —Art? What are physical and what mow
laws? What .5 12" . vince of Natural, and what thak of Wors)
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laws, rules of action. The province of Na.tur#l Philos-
ophy is the material world ; that of Moral Phj[osophy
is the soul. Mechanical effects result from €hange of
place or figure; Chemical, from change ©f nature.
Chemical changes respect inanimate matter ;' Physio-
logical, living matter. Tod .

12. Mechanical Philosophy takes account of such
properties of matter only as belong to all bodiies what-
soever, or of such as belong to all bodies in the same
state of solid, fluid, or @riform. These are few in
number compared with the peculiar properties of .indi-
vidual bodies, and the changes of nature which they
produce on each other, all of which belong to Chemis-
try. Chemistry, therefore, is chiefly occupiedl’ with
matter ; Natural Philosophy, with motion. Th'e lead-
ing subjects of Natural Philosophy are— = - .

-1. The general properties of MATTER. P

2. Motion and the Laws of Motion, constitiating the
doctrine of MECHANICS. .

3. The Laws of Fluids in the form of . water, or
HyprosraTics. : '

4. The Laws of Fluids in the form of aig, or PNEv-
MATICS. ’ EAN

5. The Atmosphere, or METEOROLOGY.

6. Sound, or AcousTics. <

7. ELECTRICITY. |
8. MaGNETISM. {
9. Light, or OprIcs. {

4

Philosophy ? From what do mechanical effects rc sult ?—from what
chemical? What do chemical changes respect, ;ind what physio-
logical ? :

12. Of what Eropertie; does Mechanical Philoscyphy take account?
With what is Chemistry chiefly occupied —with \w‘_ at is Matural Phi-
losophy ? Enumerate the leading subjects of Nat w11l Plulosophy.
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CHAPTER I
GENERAL PROPERTIES OF MATTER.

EXTENSION AND IMPENETRABILITY--DIVISIBILITY—POROSITY—COM-
PRESSIBILITY—ELASTICITY—INDESTRUCTIBILITY—ATTRACTION.

13. All matter has at least two properties—Exten-
sion and Impenetrability. The smallest conceivable
portion of matter occupies some portion of space, and
has length, breadth, and thickness. Extension, there-
fore, belongs to all matter. Impenetrability is the
property by which a portion of matter excludes all
other maitter from the space which it occupies. Thus,
if we drop a bullet .into water, it does not penetrate
the water, it displaces it. The same is true of a nail
driven into wood. These two properties of matter are
all that are absolutely essential to its existence; yet
there are various other properties which belong to
matter in general, or at least to numerous classes of
bodies, more or less of which are present in all bodies
with which we are acquainted. Such are Divisibility,
Porosity/Compressibility, Elasticity, Indestructibility,
and Attraction. Matter exists in three different states,
of solids, liquids, and gases. These result from its
relation to heat ; and the same body is found in one or
the other of these states, according as more or less
heat is combined with it. Thus, if we combine with
a mass of ice a certain portion of heat, it passes from
the solid to the liquid state, forming water; and if we
add to water a certain other portion of heat, it passes
into the same state as air, and becomes steam. Chem-
istry makes known to us a great number of bodies in

13. What are the two essential properties of matter? Why does
extension belong to all matter? Define impenetrability, and give an
example. What other properties belong to matter? In what three dif-
ferent states does matter exist! How exemplified in water? What
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the @riform state, called gases, arising from the union
of heat with various kinds of matter. The particles
which compose water, for example, are of two kinds,
oxygen and hydrogen, each of which, when united
with heat, forms a peculiar kind of air or gas.

14. Matter is divisible into exceedingly minute parts.
A leaf of gold, which is about three inches square,
weighs only about the fifth part of a grain, and is enly
the 282,000th part of an inch in thickness. Soap
bubbles, when blown so thin as to display their gaud
colors, are not more than the 2,000,000th of an in
thick ; yet every such film consists ‘of a vast number
of particles. The ultimate particles of matter, or
those which admit of no further division, are called
atoms. 'The atoms of which bodies are composed are
inconceivably minute. The weight of an atom of
lead is computed at less than the three hundred bil-
lionth part of a grain. Animalcules (insects so small
as to be invisible to the naked eye, and seen only by
the microscope) are sometimes so small that it would
take & million of them to amoynt in bulk to a grain of
sand ; yet these bodies often have a complete organi-
zatxon, like that of the largest animals. They have
numerous muscles, by means of which they often
move with astonishing activity ; they have a digestive
system by which their nutriment is received and ap-
plied to every part of their bodies; and they have
numerous vessels in which the animal fluids circulate.
‘What must be the dimensions of a particle of one of
these fluids !

15. A large portion of the volume of all bodies con-
sists of vacant spaces, or pures. Sponge, for example,
exhibits its larger pores distinctly to the naked eye.

are bodies in the state of air called? What agent maintains matter
in the state of gas?

14. Divisibility.—Examples in o!d leaf—soap bubbles. What are
mms"—wexght of an atom of 1 What are animalcules? Show
the extreme minuteness of their parta :
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But it also has smaller pores, of which the more solid
matter of the sponge itself is composed, which are
usually so small as to be but faintly discernible to the
naked eye. The cells which these parts compose are
separated by a thin fibre, which itself exhibits to the
microscope still finer pores; so that we find in the
same body several distinct systems of pores. Even
the heaviest bodies, as gold, have pores, since water,
when enclosed in a gold ball and subjected to strong
pressure, may be forced through the sides. Most an-
imals and vegetables consist in a great degree of mat-
ter that is exceedingly porous, leaving abundant room
for the peculiar fluids of each to circulate. Thus, a
thin slip or cross section of the root or small limb of
a tree, exhibits to the microscope innumerable cells
for the circulation of the sap.

16. All bodies are more or less compressible, or may
be reduced by pressure into a smaller space. Bodies
differ greatly in respect to this property. Some, as
air or sponge, may be reduced to a very small part of
their ordinary bulk, while others, as gold and most
kinds of stone, yield but little to very heavy pressures.
Still, columns of the hardest granite are found to un-
dergo a perceptible compression when they are made
to support enormous buildings. Water and other
liquids strongly resist compression, but still they yield
a little when pressed by immense forces.

17. Many bodies, after being compressed or extended,
restore themselves to their former dimensions, and hence
wre called elastic. Air confined in a bladder, a sponge
compressed in the hand, and india rubber drawn out,
we familiar examples of elastic bodies. If we drop

Tb Porosity.—Example in sponge. What proof is there that gold

isporous? How do we learn that animal and vegetable matter is
porous ?

16. ity —How do bodies differ in this 7 What
Indies ield to pressure '—what yield little? W is it wilh
ganite 1—with water?

3
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on the floor a ball of yamn, or of ivory or glass, it re-
bounds, being more or less elastic ; whereas, if wedo
the same with a balkof lead, it falls dead without re-
bounding, and is therefore non-elastic. When a body
. perfectly recovers its original
Fig. 1. dimensions, it is said to be
perfectly elastic. 'Thus, air is
perfectly elastic, because it
completely recovers its former
volume, as soon as the com-
pressing force is removed, and
hence resists compression
with a force equal to that
which presses upon it. Wood,
when bent, seeks to recover
itself on account of its elasti~
city ; and hence its use in the
bow and arrow, the force with
which it recovers itself being
suddenly imparted to the ar-
row through the medium of
the string.

18. Matter is wholly tndestructible. In all the chan-
ges which we see going on in bodies around us, not a
particle of matter is lost; it merely changes its form;
nor is there any reason to believe that there is now a
particle of matter either more or less than there was
at the creation of the world. When we boil water
and it passes to the invisible state of steam, this, on
cooling, returns again to the state of water, without
the least loss ; when we burn wood, the solid matter
of which it is composed passes into different forms,

17. Elasticity.—Give examples. Show the difference between balls
of ivory and lead. When is a body perfectly elastic? Give an exam-
ple. Explain the philosophy of the bow and arrow.

18. Indestructibility.—Is matter ever annihilated or destroyed?
‘What becomes of water when boiled, and of wood when burned
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some into smoke, some into different kinds of airs, or
gases, some into steam, and some remains behind in
the state of ashes. If we shauld collect all these
various products, and weigh them, we should find the
amount of their several weights the same as that of
the body from which they wére produced, so that no
portion is lost. Each of the substances into which
the wood was resolved, is employed in the economy
of nature to construct other bodies, and may finally
re-appear in its original form. In the same manner,
the bodies of animals, when they die, decay and seem
to-perish ; but the matter of which they are composed
merely passes into new forms of existence, and re-ap-
pears in the structure of vegetables or other animals.
19. All matter attracts all other matter. This is
true of all bodies in the Universe. In this extensive
sense, attraction is called Universal Gravitation. In
consequence of the attraction of the earth for bodies
near it, they fall towards it,and this kind of attraction
is called Gravity. Several distinct cases of this prop-
erty occur also among the particles of matter. That
which unites particles of the same kind (as those of a
musket ball) in one mass, is called Aggregation; that
which unites particles of different kinds, forming a
compougd, (as the particles of flour, water, and yeast
in bread,) is Affinity. The term Cokesion is used to
denote simply the union of the separate parts that
make up a mass, without considering whether the par-
ticles themselves are simple oycompound. Thus the
grains which form a rock of sandstone, are united by
cohesion. Magnetism and electricity alsd severally
endue different portions of matter with tendencies
either to attract or repel each other, which are called,

‘What becomes of the bodies of animals when they die ?

19. Attraction.—How extensive? What is it called when applied
to all the bodies in the Universe? Why do bodies fall toward the
earth? 'What is this kind of attraction called? ‘Whe is sggregation
~affinity !—cohesion? Give an example of each. What axe way:
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respectively, Magnetic and Electric attractions. Te-
nacity, or that forcg by which the particles of matter
hang together, is a form of cohesion. Of all
known substances, iron wire has the greatest tenacity.
A number of fine wires bound together constitute what
is called a wire cable. These cables are of such pro-
digious strength that immense bridges aretm%me nes
Fig. 2. K

suspended by them. The Menai bridge, in Wales,
one of the greatest works in modern times, is thus
supported at a great height, although it weighs towards
two thousand tons.

CHAPTER II.
MECHANICS.

MOTION IN GENERAL—LAWS OF MOTION—CENTRE OF GRAVITY—
PRINCIPLES OF MACHINERY.

20. MEcHANICS, or the DocTRINE OF MOTION, is that
part of Natural Philosophy whick treats of the laws of
equilibrium and motion. It considers also the nature
of the forces which put bodies in motion, or which
maintain them either in motion, or in a state of rest or
equilibrium. The great principles of motion are the

netic and electric attractions? Define tenacity. What substance
has the greatest? How employed in bridges?
20. Define Mechanics. are those agents called which put
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same every where, being applicable alike to solids,
liquids and gases; to the most common objects around
us, and to the heavenly bodies. The science of Me-
chanics, therefore, comprehends all that relates to the
laws of motion; to the forces by which motion is pro-
duced and maintained ; to the principles.and construc-
tion of all machines; and to the revolutions of the
heavenly bodies.

SecTiOoN 1.—Of Motion in general.

21. Motion is change of place from one point of
space to another. It is distinguished into real and
apparent ; absolute and relative ; uniform and variable.
In real motion, the moving body itself actually-changes
place ; in apparent motion, it is the spectator that
changes place, but being unconscious of his own mo-
tion, he refers it to objects without him. Thus, when
we are riding rapidly by a row of trees, these seem
to move in the opposite direction; the shore appears
to recede from the sailor as he rapidly puts to sea;
and the heavenly bodies have an apparent daily motion
westward, in consequence of the spectator’s turning
with the earth on its axis to the east. Absolute mo-
tion is a change of place from one point of space to
another without reference to any other body : Relative
motion is a change of position with respect to some
other body. Two bodies may both be in absolute mo-
tion, but if they do not change their position with
respect to each other, they will have no relative mo-
tion, or will be relatively at rest. The men on board
a ship under sail, have all the same absolute motion,

bodies in motion or keep them'at rest? How extensively do the great
principles of motion prevail? What does the science of mechanics
comprehend o

2l. Define motion. Into what varieties is it distinguished? Ex-
plain the difference between real and apparent motion. Give examples
of apparent motion. Distinguish between absolute and relative mo-
tion. le in the case of persons on board a ship—m toe cese

LY Y
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and so long-as they are still, they have no other; but
whatever changes of place occur among themselves,
give rise to relative motions. If two persons are
travelling the same way, at the same rate, whether in
company or not, they have no relative motion ; if one
goes faster than the other, the latter has a relative
motion backward equal to the difference of their rates ;
and if they are travelling in opposite directions, their
relative motion is equal to the sum of both their mo-
tions. A body moves with a uniform motion when it
passes over equal spaces in equal times ; with a vari-
able motion, when it passes over unequal spaces in
equal times. If a man walks over just as many feet
of ground the second minute as the first, and the third
as the second, his motion is uniform ; but if he shonld
walk thirty feet one minute, forty the next, and fifty
the next, his motion would be variable.

22. Force is any thing that moves, or tends to move a
body. The strength of an animal exerted to draw a
carriage, the impulse of a waterfall in turning a wheel,
and the power of steam in moving a steamboat, are sev-
erally examples of a force. A weight on one arm of
a pair of steelyards, in equilibrium with a piece of
merchandise, although it does not move, but only tends
to move the body, is still a force, since it would pro-
duce motion were it not counteracted by an equal force.
The quantity of motion in a body is called its momen-
tum. Two bodies of equal weight, as two cannon-
balls, will evidently have twice as much meotion as
one ; nor would it make any difference if they were
united in one mass, so as to form a single body of

twice the weight of the separate balls; the quantity of.

motion would be doubled by doubling the mass, while

|

the velocity remained the same. Again, a ball that '

of travellers? 'When does a body move with uniform motion? When
with variable motion? Example.
22, Define force. Examples. What is momentam? Upon what
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moves twice as fast as before, has twice the quantity
of motion. Momentum therefore depends upon two
things—the velocity and quantity of matter. A large
body, as a ship, may have great momentum with a slow
motion ; a small body, as a cannon-ball, may have
great momentum with a swift motion ; but where great
quantity of matter (or mass) is united with great swift-
ness, the momentum is greatest of all. 'Thus, a train
of cars on a railroad moves with prodigious momen-
tum ; but the planets in their revolution around the sun,
with a momentum inconceivably greater.

23. To the eye of contemplation, the world presents
a scene of boundless activity. On the surface of the
earth, hardly any thing is quiescent. Every tree is
waving, and every leaf trembling; the rivers are run-
ning to the sea, and the ocean itself is in a state of
ceaseless agitation, The innumerable tribes of ani-
mals are in almost constant motion, from the minutest
insect to the largest quadruped. Amid the particles of
matter, motions are unceasingly going forward, in as-
tonishing variety, that are effecting all the chemical
and physiological changes to which matter is constantly
subjected. And if we contemplate the same subject
on a larger scale, we see the earth itself, and all that
it contains, turning with a steady and never ceasing
motion around its own axis, wheeling also at a vastly

‘swifter rate around the sun, and possibly accompany-

ing the sun himself in a still grander circuit around
some distant center. Hence, almost all the phenom-
ena or effects which Natural Philosophy has to inves-
tigate and explain are connected with motion and
dependent on it.

two things does it deﬁend? ‘What union of circumstances produces
great momentum 7 Example. X .

23. What proofs of activity do we see in nature? Give examples
in the vegetable kinﬁo‘iom-—in the animal-—among the particles of mat-
ter—and amonfvthe eavenly bodies. Upon what are almost all the

phenomens of Natural Philosophy dependent?
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Skc. 2.—Of the Laws of Motion. ~

24. Nearly all the varieties of motion that fall with-
in the province of Mechanical Philosophy, have been
reduced to three great principles, called the Laws of
Motion. We will consider them separately.

FirsT Law.— Every body will persevere in a state of
rest, or of uniform motion in a straight line, until com-
pelled by some force to change its state. This law
contains four separate propositions ; first, that, unless
put in motion by some external force, a body always
remains at rest; secondly, that when once in motion
it always continues so unless stopped by some force ;
thirdly, that this motion is uniform ; and fourthly, that
it is in a straight line. Thus, if I place a ball on a
smooth sheet of ice, it will remain constantly at rest
until some external force is applied, having no power
to move itself. I now apply such force and roll it;
being set in motion, it would move on forever were
there no impediments in the way. It will move uni-
formly, passing over equal spaces in equal times, and
it will move directly forward in a straight course, turn-
ing neither to the right hand nor to the left. This
property of matter to remain at rest unless something
moves it, and to continue in motion unless something
stops it, is called Inertia. Thus the inertia of a steam-
boat opposes great resistance to its getting fully into
motion ; but having once acquired its velocity, it con-
tinues by its inertia to move onward after the engine is
stopped, until the resistance of the water and other
impediments destroy its motion. The planets continue
to revolve around the sun for no other reason than
this, that they were put in motion and meet with noth:
ing to stop them. Whenever a horse harnessed to s
carriage starts suddenly forward, he breaks his traces

24. To how many great principles have all the varieties of motior
been reduced? What are they called? State the first law. Enu
merate the four propositions contained in this law. Txampe. Wha

g S
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because tHe inertia of the carriage prevents the sudden
motion being instantly propagated through its mass,
+ and the force of the horse being all expended on the
Mraces, breaks them. On the other hand, if a horse
. suddenly stops, when on a run, the rider is thrown
over his head ; for having acquired the full motion of
«the horse, he does not instantly lose it, but, on ac-
. count of his inertia, continues to move forward after
-the force that put him in motion is withdrawn. This
principle is pleasingly illus- Fig. 3.
trated in what is called the B
doubling of the hare. A hare
closely pursued by a grey-
hound, starts from A and when

ke arrives at C, the dog is FC S
hard upon him; but the hare ~
being a lighter animal than
" the dog, and having of course
less inertia, turns short at C
and again at E, while the
dog cannot stop so suddenly, but goes farther round

at D and also F, and thus the hare outruns him.
. Put a card of paste board across a couple of wine

i glasses, and two six- Fig. 4.
! pences directly over -

the glasses,«s in the / @ - @ \
- figure ; then strike the A

edge of the card at A
a smart blow, and the
card will slip off and
leave the money in the T
glasses. The coins, on account of their inertia, do
not instantly receive the motion communicated to
the card. If the blow, however, be gentle, all will
go off together.

=

is inertia7 Example in & steam-boat—in the planets—in a horse—
in the doubling of 8 hare—and in the card and coin.
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25. The first law of motion also asserts, that
moving bodies have a tendency to move in straig
lines. We see, indeed, but few examples of .su
motions either in nature or art. 1f we throw a b
upwards, it rises and falls in a curve; water spouti
into the air does the same ; rivers usually run a
trees wave in curves; and the heavenly bodies 1
volve in apparent circles. Still, when we attentive
examine each of these cases, and every other case
motion in curves, we find one or more forces ope:

Fig. 5 ting to cause the body to deviate from

"% straight line. When such cause of ¢
viation is removed, the body imme
ately resumes its progress in a strai
line. This effort of bodies, when m¢
ing in curves, to proceed directly f
wards in a straight line, is called t
Centrifugal Force. If we turn a grir
stone, the lower part of which dips i
water, as the velocity increases t
water is thrown off from the rim
straight lines which touch the rim a
are therefore called tangents* to it ; a
it is a general principle, that when bodi
free to move, revolve in curves abou
centre, they have % constant tendency
fly off in straight lines, which are t:
gents to the curves. We see this prin
ple exemplified in giving a rotary n
tion to a pail or bason of water. T
liquid first rises on the sides of the vessel, and if t
rapidity of revolution be increased, it escapes fr

*A line is said to be a tangent to a curve, when it touches the eu
but does not cut it.

25. Are the motions observed in the natural world, usually
formed in straight or in curved lines ? Why then is it said that bex
naturally move in straight lines? What is this efiot W move
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the top in straight lines which are tangents to the rim
of the vessel. If we pass a cord through a staple in
the ceiling of a room, and bringing down the two
ends, attach them to the ears of a pail containing a
litle water, (suspending the vessel a few feet above
the floor,) and then, applying the palms of the hands
to the opposite sides of the pail, give it a steady rotary
motion, the water will first rise on the sides of the
vessel and finally be projected from the rim in tan-
gents. 'The experiment is more striking if we suffer
the cord to untwist itself freely, after having been
twisted in the preceding process.

26. Seconp Law. Motion, or change of motion,
is proportioned lo the force impressed, and is produced
in the line of direction in which that force acts. First,
the quantity of motion, or momentum, is proportioned
o the force applied. A double blow produces a
double velocity upon a given nass, or the same velo-
city upon twice the mass. Two horses applied with
equal advantage to a load, will draw twice the load
of one horse. It follows also from this law, that every
ferce applied to a body, however small that force may
be, produces some motion. A stone falling on the
earth moves it. This may seem incredible ; but if
we suppose the earth divided into esceedingly small
parts, each weighing only a pound for example, then
we may readily conceive how the falling stone would
put it in motion. Now the effect is not lost by being
expended on the whole earth at once ; the momen-
tam produced is the same in both cases ; but in pro-
portion as the quantity of matter is increased the
velocity is diminished, and it would be as much less

straight lines called? Example in a grind in a suspended
vessel of water.

26. What is the second law of motion? Show that the quantity
of motion is proportioned to the force applied. Explain how the
wmallest force produces some motion.

<
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as the weight of the whole earth exceeds one pound.
It would therefore be inappreciable to the senses, but
still capable of being expressed by a fraction, and
therefore a real quantity. “A continual dropping
wears away stone.” Each drop, therefore, must con-
tribute something to the effect, although too small to
be perceived by itself.

27. Secondly, motion is produced in the line of
direction in which the force is applied. 1f I lay &
ball on the table and snap it with my thumb and finger,
it moves in different directions according as I change
the direction of the impulse ; and this is conformable
to all experience. A single force moves a body in
its own direction, but two forces acting on a body at
the same time, move it in a line that is intermediate
between the two. Thus, if I place a small ball, as a
marble, on the table, and at the same moment snap it
with the thumb and finger of each hand, it will not
move in the direction of either impulse but in a line
between the two. A more precise consideration of
this case has led to the following important law :

If a body is impelled by two forces which may be re-

presented in quantity and direction by the two sides of

a parallelogram, it will describe the diagonal in the same
time in whick it would have described each of the sides
separately, by the force acting parallel to that side.
Thus, suppose the parallelogram A B C D, repre-
sents a table, of which the side A B is just twice the
length of A D. I now place the ball on the corner A,
and nail a steel spring (like a piece of watch spring)
to each side of the corner, so that when bent back it
may be sprung upon the ball, and move it parallel to
the edge of the table. T first spring each force sep-
arately, bending back that which acts parallel to the

27. Show that motion is in the line of direction of the force.
How does a single force move a body ? How do two forces move it?
Recite the law represented in figure 6, and explain the figure.

A
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neutralize each other. Nor is the principle confine
to three directions merely, but holds good for a poly
gon of any number of sides. For example, a bod!
situated at A, and acted upon by five forces repre
Fig. 7. sented in'quantit

o and direction b

B
the five sides ¢
\ the polygon (Fig
.C 7,) would remsi
atrest. If the for
ces were only fow
corresponding ¢

A all the sides of th
figure except th
last, EA, then th

Dpbody would de

scribe this side i

the same time i

E " which it would de

scribe each of the sides by the forces acting sep:
rately.

29. Simple motion is that produced by one force
compound motion, that produced by the joint action ¢
several forces. Strictly speaking, we never witnes
an example of simple motion; for when a ball !
struck by a single impulse, although the motion :

- simple relatively to surrounding bodies, yet the ba
is at the same time revolving with the earth on i
axis and around the sun, and subject perhaps to inm
merable other motions. Although all bodies on tt
earth are acted on at the same moment by many fo
ces, and therefore it is difficult or even impossible -
tell what is the line each describes in space und

Case of a pol{gon of five sides? Where only four forces are @
plied, how will the body move ?

29. What is simple, and what compound motion? Do we ev
witness simple motions in nature? Exsmple. Whea a force
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their joint action, yet each individual force produces
precisely the same change of direction in the body
as though it were to act alone. If it acts in the same
direction in which the body is moving, it will add its
own amount ; if in the opposite direction, it will sub-
tract it ; if sideways, it will turn the body just as far
to the right or left in a given time, as it would have
done had it been applied to the body at rest. Thus, if
while a body is Fie. 8

. g. 8.
moving from A c . D
o B, (Fig- 8,) it
be struck by a
force in the di-
rection of AC, it
will reach the
line CD, in the /
same time .ind B
which it would have done had it been subject to no
other force. It will, however, reach that line in the
point D instead of C. When a man walks the deck
of a ship under sail, his motions are precisely the
same with respect to the other objects on board, as
though the ship were at rest; but the line which he
actually describes under the two forces is very dif-
ferent.

30. Instances of this diagonal motion are con-
stantly presented to our notice. In crossing a river,
the boat moves under the united impulses of the oars
and the current, and describes the diagonal whose
sides are proportional to the two forces respectively.
Equestrians sometimes exhibit feats of horsemanship
by leaping upwards from the horse while running, and
recovering their position again. They have, in fact,

spplied to a body in motion, what is the effect? Explain from Fig.
8. Case of a man walking the deck of a ship.

30. Examples of diagonal motion. A boat crossing a river—Eques-
trisne—Two mea in 8 boat tossing a ball—Rowing,
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only to rise and fall as they would do were the horse
at rest ; for the forward motion which the rider re-
tains by his inertia, during the short interval of his
ascent and descent, carries him onward, so that he
rises in one diagonal and falls in another. Two men
sitting on opposite sides of a boat in rapid motion, will
toss a ball to each other in the same manner as though
the boat were at rest ; but the actual movement of the
ball will be diagonal. Rowing, itself, exemplifies the
same prmcxple for while one oar would turn the
boat to the left and the other to the right, it actually
moves ahead in the diagonal between the two direc-
tions.

31. When, of two motions impressed upon a body,
one is the uniform motion which results from an im-
pulse, and the other is produced by a force which acts
continually, the path described is a curve. Thus,
when we shoot an arrow into the air, the impulse given
by the string tends to carry it forward uniformly in a
straight line ; but gravity draws it continually away
from that line, and makes it describe a curve. In
the same manner the planets are continually drawn
away from the straightlines in which they tend to
move, by the attraction of the sun, and are made to
describe curved orbits about that body.

32. THirD Law. When bodies act on each other,
action and reaction are equal, and in opposite directions.
The meaning of this law is, that when a body imparts
a motion in any direction, it loses an equal quantity -
of its own—that no body loses motion except by im-
parting an equal amount to other bodies—that when a
body receives a blow it gives to the striking body an
equal blow—that when one body presses on another it
receives from it an equal pressure—that when one body

31. Under what two forces will a body describe a curve? Exam-
ples—An arrow—The p!
32. Give the third ]a.w of motion. Explain its meaning. Exam-
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attracts or repels another, it is equally attracted or re-
pelled by the other. If a steam-boat should run upon
a sloop sailing in the same direction with a slower
motion, it might drive it headlong without experien-
cing any great shock itself; still its own loss of motion
would be just equal to that which it imparted 1o the
sloop, but being distributed over a quantity of matter
so much greater, the loss might be scarcely percep-
tible. If a light body, as the wad of a cannon, were
fired into the air, it would be stopped by the resistance
of the air; but its own motion would be lost only as it
imparted the same amount to tlfe air, and thus might
be sufficient, on account of the lightness of air, to set
a large volume in motion. When the boxer strikes his
adversary, he receives an equal blow from the reaction
of the part struck ; but receiring it on a part of less sen-
sibility, he is less injured by it than his adversary by
the blow inflicted on him. One who falls from an
eminence on a bed of down, receives in return a resist-
. ance equal to the force of the fall, as truly as one who
falls on a solid rock ; but, on aceount of the elasticity
of the bed, the resistance is received gradually, and is
therefore distributed more uniformly over the system.
A boatman presses against the shore, the reaction of
which sends the boat in the opposite direction. [«
strikes the water with his oar backwards, and the
boat moves forwards. The fish beats the water with
his tail, first on one side and then on the ather, and
moves forward in the diagonal between the two reac-
tions. The bird beats the air with her wings, and ths
resistance carries her forward in the opposite direc.
tion. Allattractions likewise are mutual. The iron
attracts the magnet just as much as the magnet sttracts
the iron. The earth attracts the sun just 2s much xs
the sun attracts the earth. In all these cases the -
of a steam-boat running ask wad fige, AT N
t::'n—mlm upoa a faxbe:m bed—a4.mmn—f: MUMM.
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mentum or quantity of motion in the smaller and the
larger body, is the same. Thus, when a small boat
is drawn by a rope towards a large ship, the ship
moves towards the boat as well as the boat towards the
ship, and with the same momentum ; but the space
over which the ship moves is as much less than that
of the boat, as its quantity of matter is greater. It
makes no difference whether the boat is drawn to-
wards the ship by a man standing in the boat and pull-
ing at a rope fastened to the ship, or by a man stand-
ing in the ship and pulling by a rope fastened to the
boat. A fisherman once fancied he could manufacture
a breeze for himself
by moupting a pair
of huge bellows in
the stern of his boat,
and directing the
blast upon the sail.
Buthe was surprised
to find that it had no
effect on the motion
of the boat. We see
that the reaction of
the blast would tend
to carry the boat
backwards just as much as its direct action tended to
carry the boat forwards.

33. Farrine Bopies. When a body falls freely
towards the earth from some point above it, it falls con-
tinually faster and faster the longer it is in falling. Its
motion therefore is said to be uniformly accelerated.
All bodies, moreover, light and heavy, would fall
equally fast were it not for the resistance of the air,
which buoys up the lighter body more than it does the

Fig. .

Compare the momentum of a small boat with that of a large ship wher
drawn together. Case of & man who put a pair of bellows to his boat
33. When is the motion of a body said to be uniformly a~ celerated
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heavier ; but in a space free from air, or a vacuum,
afeather falls justas fast as a guinea. Ifaboy knocks
a ball with a bat on smooth ice, it will move on uni-
formly by the impulse it has received ; but if several
other boys strike it successively the same way, its
velocity is continually increased. Now gravity is a
force which acts incessantly on falling bodies, and
therefore constantly increases their speed. If I as-
cend a high tower and let a ball fall from my hand
to the ground, it will fall 16115 feet in one second, 64}
in two seconds, and 257} in four seconds; that is, a
body will fall four times as far in two seconds as in
one, and sixteen times as far in four seconds as in
one. Now fouris the square of two, and sixteen is
the square of four ; so that the spaces described by a
falling body are proportioned, not simply to the times
of falling, but to the squares of the times; so that a
body falls in ten seconds not merely ten times as far
a8 in one second, but the square of ten, or a hundred
times as far.

84. Hence, when bodies fall towards the earth from
agreat height, they finally acquire prodigious speed.
A man falling from a balloon half a mile high, would
reach the earth in about half a minute. We seldom
see bodies falling from a great height perpendicularly
to the earth ; but even in rolling down inclined planes,
a8 a rock descending a steep mountain, or a rail car
breaking loose from the summit of an inclined plane,
we see strikingly exemplified the nature of accele-
rated motion. A log descending by a long wooden
trough down a steep hill, has been known to acquire
momentum enough to cut in two a tree of considerable

How would a guinea and a feather fall in a vacuum? Case of a ball
knocked on ice. How much farther will & body fall in two seconds
than in one? How are the spaces of falling bodies proportioned to the
times of falling ? .

34. In what time would a man fall from a balloon half a mile high ?
‘Where do we see the rapid acceleration of falling bodies exemplified
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size, whichit met on leaping from the trough. Ata-
great distance from the earth, the force of gravity be-
comes sensibly diminished, so that if we could ascend
in a balloon four thousand miles above the earth, that
is, twice as far from the center of the earth as it is
from the center to the surface, the force of attraction
would be only one fourth of what it is at the surface of
the earth, and a body instead of falling 16 feet in a
second would fall only 4 feet. Atten times the distance
of the radius of the earth, the force of gravity would
be only one hundredth part of what itis at the earth.
This fact is expressed by saying, that the force of
gravity is tnversely as the square of the distanee from
the center of the earth, diminishing in the same propor-
tion as the square of the distance increases. As the
moon is about sixty times as far from the center of the
earth as the surface of the earth is from the center, if
a body were let fall to the earth from such a distance,
(the force of gravity being the square of 60, or 3600
times less than it is at the earth,) the body would be-
gin to fall very slowly, moving the first second only
the twentieth part of an inch. Were a body to fall to-
wards the earth from the greatest possible distance,
the velocity it would aequire would never exceed
about 7 miles in a second; and were it thrown up-
ward with a velocity of 7 miles per second, it would
never return. This, however, would imply a velocity
equal to about twenty times the greatest speed of a
cannon ball.

35. When abody is thrown direetly upwards, its as-
cent is retarded in the same manner as its descent is
accelerated in falling ; and it will rise to the height

Case of a tree leaping from a trough. #How is the force of gravity
reat distances from the earth? How, 4000 miles of 7 How, attl
istance of the moon? State the law by which gravity deerease

‘What velocity would a body acquire by falling from the greatest pc

sible distance? ‘How far would it geif thrown upward with a veloci

of 7 miles per second?
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hich it would have fallen in order to acquire the
y with which it is thrown upwards.
VieraTorYy MoTiox. Vibratory motion is that
is alternately backwards and forwards, like the
of the pendulum of 2 clock.
lalum performs its vibrations Fig.10.
1times, whether they are long.
t.  Thus, if we suspend two

by strings of exactly equal
i, and make one vibrate overa
irc and the other over a large
ey will keep pace with each
1early as well as when their
s of vibration are equal. Long
ums vibrate slower than short
wut not as much slower as the
is greater. A pendulum, to
seconds, must be four times
r as to vibrate half seconds ;
-ate once in.ten seconds it
e a hundred times as long as
ate in one second, the com-
e slowness being proportional
square of the length. The motion of a pendu-
caused by gravity. If we draw a pendulum out
wosition when at rest, and then let it fall, it will
d again to the lowest point, but will not stop
for the velocity which it acquires in falling will
icient, on account of its inertia, to carry it to the
height on the other side, (Art. 35.) whence it
turn again and repeat the same process; and
rere it not for the resistance of the air, and the

‘hen a body is thrown upwards, in what manner is it retarded ?
th will it rise ?

efine vibratory motion. How are the times of vibration of a
m? Example. How much longer is a pendulum thet vibretes
+ $han one that vibrates half seconds? How much \onget W
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friction at the center of motion, the vibration would
continue indefinitely. ‘

37. It is the equality in the vibrations of a pendu-
lum, which is the foundation of its use in measuring
time. ‘Time may be measured by any thing which di-
vides duration into equal portions, as the pulsations of
the wrist, or the period occupied by a portion of sand
in running from one vessel to another, as in the hour-
‘glass ; but the pendulum can be made of such a length
as to divide duration into seconds, an exact aliquot
part of a day, and is therefore peculiarly useful for this
purpose. Since, also, the pendulum which vibrates
seconds atany given place, is always of the same in-
variable length, it forms the best standard of measures
by which all others used by society can be adjusted
and verified.

38. ProsecTiLE MoTioN. A body projected into
the atmosphere, rises and falls in a curve line, as
when a stone is thrown, or an arrow shot, or a caa-
non ball fired. The body itself is called a projectile,
the curve it describes, the path of the projectile, and
the horizontal distance between the points of ascent
and descent, the range. When an arrow is shot, the
impulse, if it were the only force concerned, would
carry it forward uniformly in a straight line ; but the
gravity continually bends its course towards the earth
and makes it describe 2 curve. An arrow, (or any
missile,) will have the greatest range when shot at an
angle of 45° with the horizon; and the range will
be the same at any elevation above 45° as at the
same number of degrees below 45°. A cannon

vibrate in 10 seconds than in 1?7 What causes the motion of a pend
lum? Why does it not vibrate forever ?

37. Ou what property of the pendulum is its use for measuring time
‘What other modes are there?  Why is the pendulum Letter than oth
modes ? On what principle does it become a standard of measures '

38. When is a body called a projectile? What is the curve describx

ealled? The horizontal distance? At whak angle of elevation mu
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shot at an elevation of 60° will fall st the
1 distance from the gun as when shot aa azogle of
0°0 Thus, in the annexed diagram, a ship is

Fig. 1L

on from a fort, as she is attempting to it.
ball fired at an elevation of 45°, is t‘be only;”ou
reaches the ship : the others fall shost, 28d equally
1 aimed above and below 45; :

. If a cannon ball were fired horizontally from
op of a tower, in the direction of P B, the rsoge
d depend on the Fig 12.

gth of the charge. B P

1an ordinary charge, =
yuld descend in the
2 P D; with a strong-
1arge, it would move
er to the horizontal
and descend in P E,’
may conceive of the

s being sufficient to'
y the ball quite clear

e earth, and make it

Ive around it in the

e.

AN

row be shot, o0 have the grestest range 1 At what \wo sndus

' the ranges be
Explain Figure ]2.
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SEc. 3.—Of the Center of Gravity.

40. The center of gravity of a body is a certai
point about which all parts of the body balance eac.
other, so that when that point is supported, the whol
body is supported. Ifacross a perpendicular suppor

Fig. 13. as G, (Fig. 18,) I lay a .wire
- having a ball at each end, B C
B@——2—®C thiere is one point in the wire
G and only one, upon which th
balls will balance each other. This point is th
center of gravity of all the matter contained in th
wire and both balls. It is as much nearer the larger
B, as the weight of this exceeds that of C. When twi
boys balance one another at the ends of a rail, the
lighter boy will require his part of the rail to be a:
much longer as his weight is less. The center o
gravity of a regular solid, as a cube, or a sphere, lie
in the center of the body, when the structure of th
body is uniform throughout; but when one side i
heavier than another, the center of gravity lies toward
the heavier side.

41. The line of direction is a line drawn from t

center of gravity of a body perpendicularly to f

Fig. 14. Fig. 15.

F . F
horizon. Thus, G F, (Fig. 14 or 15,) is the lin
rection. When the line of direction falls wit

40. Define the center of gravity. Explain Figure 13,
41. Explain Figure 14. ere is the center of gravivy o
figure situated ?
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e, (as in Fig. 14,) or part of the body on which it
18, the body will stand; when this line falls without
base, (as in Fig. 15,) the body will fall. At Pisa,
[taly, is a cele- i

ted tower, called Fig.16.

leaning tower. It

1ds firm,although

woks as though it

1ld fall every mo-

it; and being ve-

igh, a view from

top is very exci-

+ Yet thereis no

ger of its falling,

wse the line of

ction is far with-

1ebase. Toef-

this, the lower

; of the tower is

le broader than

upper parts, and

eavier materials.

3se two precautions carry the center of gravity low.
ictures in the form of a pyramid, as the Egyptian
amids, have great firmness, because the line of di-
ion passes 8o far within the base. .

2. If we stick a couple of pen-  Fi&17.

ves in a small bit of wood, and poise

n on the finger, or adjust them

hat the center of gravity will fall in

line of a perpendicular pin, the

it of the wood will rest firmly on

head of the pin, so that the knives

* be made to vibrate on it up and

m, or to revolve around it, with-

fine the line of direction. Explain Fig. 16, Tower of Pise.
are pyramids so firm 7
5
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out falling off. A loaded ship is not easily over
turned, because the center of gravity is so low, that
the line of direction can hardly be made to fall with-
out the base ; but a cart loaded with hay or bales ol
cotton is, on the other hand, easily upset, becaust
¢he center of gravity is so high. A stage coac
carrying passengers or baggage on the top, is much
more liable to upset than it is when the load is all o
alevel with the wheels. A round ball, howeva
large, will rest firmly on Fig. 18.

a very narrow base, be-
cause the center of grav-
ity (which is in the cen-
ter of the ball) is always
directly over the point of
support; and, according 4
to the definition, when’
this is supported, the bo-
dy is supported. In the
annexed diagram, a hea-
vy ball, connected with
the figure, bends under
the table, and thus brings
the center of gravity of
the whole within the base, -

so that the animal rests firmly on his hind legs.

43. Animals with four legs walk sooner and mon
firmly than those with only two, because the line ¢
direction is so much more easily kept within th
base. Hence, children creep before they walk, an
the art of walking, and even of standing firmly, ¢
quires so nice an adjustment of the center of gravity
(which must always be kept over the narrow bas

42. Explain Fig. 18. Why is not a loaded ship easily overturne¢
A cart loaded with ha{—a stage coach—a round gall?

43. Why do four eg%eed animals walk sooner than two leggel
Why do children creep before they walk ?
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within the feet,) that it is learned only after much ex-
erience. Children at school, also, are sometimes di-
‘ected to turn out their toes when they walk, and to
:xtend one foot from the other in taking a position to
speak, because such attitudes, allowing a broader
»ase for the line of direction, appear more firm and
lignified.

44. Aboy promised another a cent, if he would
pick it up from the floor, standing with his heels close
against the wall. But in attempting to pick it up,
he pitched upon his face. Performances on the slack
rope, which often exhibit astonishing dexterity, depend
upon a skillful adjustment of the center of gravity.
The process is sometimes aided by holding in the
hand a short stick loaded with lead, which is so flour-
ished on one side or the other, as always to keep the
center of gravity over the narrow base, Among the
ancients, elephants were sometimes trained to walk a
tight rope ; a feat which was extremely difficult on
account of the great Weight of the animal.

45. Bodies subject to no other forces than their
‘mutual attraction, and in a situation to approach each
other freely, will meet in their common center of
gravity. If the earth and moon were left to obey fully
their attraction for each other, they would immediate-
ly begin to approach each other in a direct line, mov-
ing slowly at first, but swifter and swifter, until they
would meet in their common center of gravity, which
would have its situation as much nearer to the earth
s the weight of the earth is greater than that of
the moon. So all the planets and the sun, if aban-
doned to their mutual attraction, would rush together
to a common point, which on account of the vast
quantity of matter in the sun, lies within that body.

44, Case of picking up the cent. Performances on the slack rope
men, and even by elephants, explained.
45. Where, will bodies meet by their mutual attraction? Examples
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Indeed, were ull the bodies in the universe abandon-
ed to their mutual attraction, they would meet in their
common center of gravity.

SecTioN 4.—Of the Principles of Machinery.

46. The elements of all machines are found among
the Mechanical Powers, which are six in number—the
Lever, the Wheel and Axle, the Pulley, the Screw,
the Inclined Plane, and the Wedge., That which
gives motion is called the power ; that which receives
it, the weight. The first inquiry is, what power, in
the given case, is required just to balance the weight.
Any increase of power beyond this, would of course
R}:t the weight in motion. Itis a general principle in

achines, that the power balances the weight when it
has just as much momentum. Now we may give a
small power as much momentum as a great weight, by
making it move over as much greater space in the
same time, as its quantity of matter is less. One
ounce may balance a thousand ounces, if the two be
connected together in such a way that the smaller
mass, when they are put in motion, moves a thousand
times as fast as the larger. If the momentum of the
power be increased beyond that of the weight, as may
be done by increasing its quantity of matter, then it
will overcome the weight and make it move with any
required velocity. Whatever structure connects the
power and the weight is a machine.

47. Tre Lever. Figure 19 represents a lever of the
simplest kind, where P is the power, W the weight, and
in the moon and earth, and all the bodies of the solar system—finally,
all the bodies in the universe.

46. What are the elements of all Machines ? Enumerate the six
Mechanical powers. Distinguish between the power and the weight 1
‘What is the first inquiry respecting the power 7 _What is a general
pnnclﬁle in Machines, respecting momentum ? How may we give
& small power as much momentum as a great weight? How may one
ounce balance a thousand? What happens when the momentum of

the power is increased beyond that of the we;\xx.'( ‘What does any
structure that connects the power and the weight become
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3 fulcrum, or point of support. Now P will just

ce W when its weight .

much less as its dis- Fig. 19.

. from the fulcrum is p g £

er. For example, if it

ree times as far from

dcrum as W, then one

1 will balance three ; three pounds will balance

; and, universally, in an equilibrium, the power

plied into its distance from the fulcrum, will equal

esght multiplied into its distance. In the present
where the longer arm of the lever is three times

ength of the shorter, a power of ten pounds will

ce a weight of thirty.

w

Fig. 20.

This principle is exemplified in & common pair
el-yards. The same power (P) is made to bal-
different weights of merchandize, (W) by at-
1g W to the shorter and P to the longer arm, and
1g Pin a notch that is as much farther from the

Explain Fig. 19. State the general principle of the equilibri-

the lever. Examples.

Explain the principle of Steelyards ? How is the same

made to balance different w.eight.s Explain the difference be-
5
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fulcrum as its weight is less than that of the merchan-
dize, W. Steelyards have commonly a smaller and
a larger side ; the former being ounce, and the latter
quarter-pound notches. On examining such a pair of
steelyards, it willbe seen that the hook to which the
merchandize is attached, is four times as far from the
falcrum, when we weigh on the small, as when we
weigh on the large side. Hence, we have to move
the counterpoise over four notches on this side to gain
as much power as we gain in one notch on the other.
The spaces over which the power and weight move
respectively, are in the same proportion. Thus, when
the counterpoise is made to balance a weight ten
times as large as itself, it will be seen, by making the
arm of the steelyards vibrate up and down, that the
counterpoise moves ten times further in the same time,
than the weight does, and of course with ten times the
velocity. Hence the momentum ofthe power and the
weight are the same. A crow-bar illustrates the same
principle, when a man lifts a weight much heavier
than the amount of force he applies, by making that
force act at the longer end of the lever. A pair of
shears is formed of two such levers combined ; and -
the nearer we bring the article to be cut to the ful-
crum, the greater is the mechanical advantage gained.
Two boys differing in size, moving each other at the
end of a pole laid across the fence, exemplify the same
principle.

49. In the foregoing cases the weight and the pe
er are on opposite sides of the fulcrum, and it is cal
a lever of the first kind. When the power i
weight are on the same side of the fulcrum, but
weight nearer to it than the power, it is a lever of

tween the smaller and the larger side. Show that the momen
the counterpoise and weight are equal. Examplesin a crowba
pair of shears—boys on a rail.

49. Distinguish between levers of the firat, eecond and third ki




MECHANICS. 55

second kind, as in the fol- Fig. 21.
lowing figure. The me-
chanical advantage gained
here is the same as in the
first, for the power moves
a8 much faster than the
weight as it is more dis-
tant from the fulcrum.— 3
When the power and weight are both on the same
side of the fulcrum, but the power nearer to it than
the weight, it constitutes a lever of the third kind, as
in figure 22. A door mo-

ving on its hinges is a

weight, the matter of p
which, for our present ¥

purpose, may be consider- o I

Fig. 22.

ed as all collected in the
center of gravity, which, w
on account of the regular figure of the door, is the center
of the door ; and the effects of any force applied to a
body are the same as though all the matter was concen-
trated in the center of gravity,and the force was applied
to that point. Now if, in shutting the door, I place
my hand on the edge, this point being farther from the
fulcrum than the center of gravity, I gain a mechan-
ical advantage, because the power moves faster than
the weight; but if I apply my hand nearer the ful-
crum than the center of gravity, then the power moves
slower than the weight, and operates under a mechan-
ical disadvantage; and as I approach nearer and
nearer to the hinges, the door is shut with greater and
greater difficulty. Inthe former case, the door exem-
S:iﬁes the principle of a lever of the second kind ; in
e latter, of the third. Suppose aladder to lie on the
ground, and it is required to raise it on one end by

How may a door, in shutting, be either of the second or third kind ?
Ezxample in a ladder.
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taking hold of one of the rounds. If I take hold of
the lowest round, it will require a great effort to raise
it, especially if the ladder is long. This effort will
be less and less, until I come to the middle round,
where I should neither gain nor lose any mechanical
advantage, but should lift the ladder like any other
body of the same weight, if raised directly from the
ground by a string. If I apply my hand to any round
beyond the middle, towards the farther end, I gaina
mechanical advantage, and the greater as I approach
nearer to the end of the ladder. We shall leave it to
the ingenuity of the pupil to account for these several
cases.
Fig. 23.

ar

-

60. Toe WHEEL AND AxLE—The figure repre-
sents & wheel, A N O, and axis, L. M, where a small
power, w, balances a greater weight, W. The power
required to balance the weight is as much less than
the weight as the diameter of the axle is less than that
of the wheel. The wheel and axle has a great analo-
gy to the lever, and is indeed little more than a re-
volving lever. For if the power were applied to the

50. Explain Figure 23. How much less is the power than the
weight ?ushow the analogy between the wheel and the lever. Explaix



ETRAXETT. -

immm-m =z
Ived, womii Tee-TIRC N gDy ©: cemes T nm

Fr X

u;xmn:nnn X 3 PSS NMITISE Ak NSV
smmmmmgmy—w
ugﬁmmmnm—emﬂ =
niczl 2TTEINE: I FUSENAE = e e S e
T exorels fie aims o te e B s ez

1wmt¢mnumaﬁv

explamed D co—epez Ger cxee e s
reanefzx::n!_mzm'n‘m

(’n\

to regulaie viscxcy i w3y nvs i wsemss
) and see this e exenmiiiert 1 G 3 s st
passing 2 band ever 1 2rp: iem diat wrus wale &
dy motion, one m2¥ cruses Hac Mran 3 Us sl

dz’hlutﬁewaw.a.nur:m Wik sioniry o “
rdhlgm".tlmz msmm.n
h gain most, larze cr anal wiesin b Usg £ wasmm m i



58 NATURAL PHILOSOPHY.

wheel of alathe, and the smaller wheel will revolve
as much faster than the larger asits diameter is less.
Now by using small wheels of different diameters on
the lathe, we may increase or diminish the velocity
at pleasure. 'The same principle is illustrated in a
common spinning wheel, and in machinery for spin-
ning cotton.

52. In clock-work, there is usually a combination of
a number of wheels, where one wheel is connected
to the axis of another by a small wheel fastened to the
axis, called a pinion. Thus, the three wheels, A, B,

Fig. 25.

C, are connected. The power is applied to the wheel
A on whose axis in the pinion a, the teeth of which
(or leaves, as they are called) catch into the teeth of
B, whose pinion 6 in like manner turns the wheel C.
Here the motion of each succeeding wheel is less
than the preceding ; for if the pinion a have 10 leaves,
and the wheel B 100 teeth, the pinion in turning once
would catch but ten teeth of the wheel, and must there-
fore turn ten times to turn B once. If the pinion bhas

ting velocity. How exemplified in a turner's lathe 7 In a common spin-
ning wheel.

62. Explain the use of wheels in clock-work. Explain Fig. 35
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also 10 leaves,and the wheel C 100 teeth, then C
turns ten times as slow as B and a hundred times as
slow as A. By altering the proportions between the
number of teeth in the wheel and leaves in the pinion,
we may alter the velocity of a wheel at pleasure ;
and this is the way in which wheels are made to move
faster or slower, at any required rate, in clocks and
watches. If we apply the power at the other end and
let the wheel C act on the pinion b, and the wheel B
on the pinion a, then B will turn ten times as fast as
C, and A ten times as fast as B, and a hundred times
as fast as C; so that, when the wheels carry the pin-
ions, the velocity is increased;, but when the pinions
carry the wheels, it is diminished.

53. Tue PurLLey. A pulley is a grooved wheel,
around which a rope is passed, and is either fixed or
movable. Figure 26 represents a fized pulley ; and

Fig. 26. Fig. 27.

8how how the motion is accelerated in one direction and retarded in
the other. How may we alter the velocity of a wheel at pleasure
8. Define the Pulley. Name the two kinds. Whatia the une &
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here no mechanical advantage is gained, since the
power moves just as fast as the weight, and we must
remember that it is only when the power moves faster
than the weight, that any mechanical advantage is
gained. The boy, however, in figure 27, draws
himself up by lifting only half his weight, because the
two ropes support equal portions of the weight. The
principal use of the fixed pulley is to change the direc-
tion of the weight. Thus, in drawing a bucket outof a
well, it is more convenient to pull downwards by a
rope passing over a pulley above the head, than upwards
by drawing directly at the bucket. By the movable
pulley we gain a mechanical advantage, for by this we
can give the weight a slower
motion than the power has,and
can proportionally increase the
efficacy of thepower. Thus,
in figure 28, as both the ropes,
A and E, are shortened as the
weight ascends, the rope to
which P is attached is length-
ened by both, and therefore P
descends twice as fast as W
rises, and the efficacy of the
power is doubled. By employ-
ing a pulley with a number of
grooves (called a block) with
a rope around each, we may
make the power run off a great
length of rope while the weight
rises but little, being equal to
the combined length by which all the ropes of the block
are shortened. Thus, if the block carries twelve ropes,
the power is increased in efficacy 12 times. Instead
of a single block with a number of grooves, several
the ;_ﬁzed pulley? Of the movable pulley? Explain the power ofs
of pulleys.

Fig. 28.

WP

Lo am . ) S EE  mary

e oy
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pulleys with single grooves are combined upon a simi-
lar principle. By a block of pulleys, two men will
lift a rock out of a quarry a thousand times as heavy
as they could lift with their naked hands ; but the rope
at which they pull will run off a thousand times as fast
as the weight rises.

Fig. 29.

54. Tue INcLINED PLANE. The Inclined Plane be-
comes a mechanical power in consequence of its sup-
porting a part of the weight, and of course leaving only
apart to be supported by the power. If a plank, for ex-
ample, having on it a cannon ball, is laid flat on the
ground, it supports the whole weight of the ball. If
one end is gradually raised, more and more force must
be applied to keep the ball from rolling down the
plane ; and when the plank becomes perpendicular, a
force would be required to sustain the ball equal to its
whole weight. We may therefore diminish the ef-
fect of gravity, in ascending from one level to another,
asmuch as we please, by making the inclination of the
plane small. A builder who was erecting a large ed-
ifice, had occasion at last to raise heavy masses of stone
to the height of sixty feet. He might have hauled
them up by pulleys ; but this was inconvenient, and be-

54. How does the Inclined Plang become a mechanical power? Bz~
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sides, pulleys are subject to so much friction as to o«
casion a great loss of power. He therefore cot
structed of timbers and planks, an inclined plane si
hundred feet long, and conveyed the blocks of ston
up them on rollers. As the plane was ten times 1
long as it was high, it was as easy to roll 1000 pound
up the plane as it would have been to draw up 10
pounds by a fixed pulley, But as the plane was te
times as long as it was high, the weight would have
pass over ten times the space that it would if it ha
been raised perpendicularly by the pulley. In a
cases, the mechanical advantage gained by the incline
plane is in the same proportion as its length exceed
its height. When a horse draws a loaded cart on ler
el ground, he has merely the friction to overcome; b
when he drags it up hill, he has beside the friction, 1
lift a certain part of the load, which part will be grea
er in proportion as the hill is steeper. If the rise i
one part in ten, then he would lift one tenth of the los
continually.

55. The Screw. The screw is represented in ¢
following diagram as act/
upon a press, which isa v
common use that is made ¢
As the screw is turned, it
vances lengthwise throu
space just equal to the
tance between the ths
Now if the power be a
directly to the head
screw, then, in turnir
screw once round, the
would move over as
more space than the screw advances, as the

ample. How employed in building? What makes it so he
8 load up hlll ? . .
55. Explain Fig. 30. How is the mechanical advants

Fig. 30.
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ference of the head is greater than the distance be-
tween the threads. The mechanical advantage gained
is in the same proportion; and we may increase the
efficacy of the power either by lessening the distance
between the threads, or by increasing the space over
which the power moves. If we attach a lever to the
head of the screw, and apply the hand at the end,
then we make the power move over a space vastly
greater than that through which the screw advances,
and the force becomes very powerfnl, and will urge
down the press upon the books or any thing in press,
with great energy.

56. The WepGe. The Wedge is an instrument
used for separating bodies, or the parts of bodies,
from each other, as is seen in the common wedge
used for splitting rocks or logs of wood. In the kind
of wedge in ordinary use, the mechanical advantage
gained is greater in proportion as the wedge is thinner.
Accordingly, it requires but a small force to drive a thin
wedge, but a greater force in proportion as the thick-
ness increases. Cutlery instruments, as knives, axes,
and the like, act on the principle of the wedge. When
long and proportionally thin, the wedge becomes a
mechanical power of great force, sufficient to raise
ships from their beds.

57. MacHiNEs. Machines are compounded of the
mechanical powers variously united. We recognize,
at one time, the union of the lever with the screw ; at
another, of the wheel and axle with the pulley; and,
at another, of nearly all the mechanical powers to-

ether. The following figure represents a machine
or hauling a vessel on the stocks, combining the
wheel and axle, the screw, the inclined plane and the
pulley. Each contributes to increase the efficacy of the

when the power is applied to the head of the screw? Also when ap:
plied at the end of the lever ? .

56. What is the Wedge usedfor? How is t'e the mechanice) adven-
tage of the wedge increased ?
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force, and all together make a powerful machine.
man applies his hand at B and turns a crank whi

Fig. 31.

D C

acts on the principle of the lever upon the screw at
If the space over which the hand moves in one re
lution is a hundred times as great as the distance |
tween the threads of the screw, then the mechani
advantage gained is in the same proportion, and 1
force with which the screw urges the teeth of 1
wheel, is a hundred times that applied by the hand
the crank. The diameter of the wheel is four tin
that of the axle ; therefore, the force applied at E
four hundred times that at B. This acts on a co
bination of pulleys, which, having four ropes, mu
ply it again four times, and it becomes sixteen ki
dred. The inclined plane is twice aslong as it
high, and therefore doubles the eflicacy of the pow
and it becomes three thousand and two hundred tin
what it was originally. So that the single force whi
a man can exert by means of such a machine is p
digious ; and if the machine was so contrived $az
might easily be) that a pair of horses or a yoke of ¢

57. How are Machines composed ? E;p{;\—m.f\g.'s_\. T
the wvelocity of the weight compare with that of the power
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:ead of the man, could turn the machine, the
rould be adequate to move the largest ship.
machine, however, would move the body with
e slowness. Itsmotion, in fact, would be dimin-
s much as the efficacy of the power was in-
l. This, as we have said before, is a universal
le in mechanics ; so that we may find the power
| by any machine, by seeing how much faster
ving force goes than the weight. '
Machines, therefore, gain no momentum :-the
multiplied into its velocity always equals the
multiplied into izs velocity. But although
es do not of themselves generate any force, they
us to apply it to much greater advantage—to
its direction at pleasure—to regulate its ve-
-and to bring in to the aid of the feeble powers of
he energies of the horse and the ox, of water,
nd steam.
Fricrion. The principles of machinery are first
zated, on the supposition that machines move
t resistance from external causes. Then the
e influence of such accidental causes of ir-
ity, in any given case, is ascertained and
. The two most general impediments to ma-
are friction and resistance of the air, which
n more or less destruction, of force in all ma-
Friction arises from the resistance which
1t surfaces meet with in moving on each other.
1y smooth surfaces adhere together by a cer-
ce, opposing a corresponding resistance to the
of the surfaces on one another; but the as-
+ which exist on most surfaces occasion a
greater resistance. An extreme case is when

 Machines gain any momentum ? What two products are.
qualto each other?” How do machines aid us ?

. what supposition are the principles of machinery first in-
d? What are the two most general impedimente to machineat

6*
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one brush is slid across another, and the hairs inter-
lace. By careful experiments on friction, the follow-
ing are found to be its principal laws. First, the
friction of a body, other things
being equal, is proportioned t
its weight. If a brick is laid
on a table, with a string attach:
ed to it connected with a scal
below, by placing weights it
the scale we may ascertair
just how much force it takes
to drag it off from the tabl
under different circumstances, and this will be tht
measure of the friction. We should suppose ths
the friction would be greater on its broad than on itt
narrow side ; but experiments show that it is equal it
the two cases, so that extent of surface makes no dif
ference when the weight remains the same. We
may let the same brick rest on either side, and load
it with different weights, equal to its dwn weight,
double, triple, and so on. In all cases, we shall find
the friction increased in the same proportion as the
weight. Secondly, friction is increased by bodies
remaining some time in contact with each other ; snd
when the contact is but momentary, as when a body
is in very swift motion, the amount of friction it
greatly diminished. Thus, when a carriage is in
swift motion over a road, it encounters less resistance
from friction in passing a given distance, than when
it moves slowly. The same is strikingly the case in
railway cars.

60. Rolling are subject to far less friction than
sliding bodies. Thus, if a coach wheel be locked,
that is, made to slide down hill instead of rolling, it

‘What causes friction? State an extreme case. To what is the frie
tion of a body proportioned ? How is the amount of friction affected by
continued contact ?

60. Difference between rolling and sliding bodies? Use of hdwios
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friction may be so much increased as to check the
rapidity of descent in any required degree. Rollers
are therefore employed in transporting heavy bodies,
to diminish friction; and, for the same purpose, sur-
faces are made smooth by applying grease, or different
pastes, or even water, all of which fill up the inequali-
ties and thus diminish the asperities of the surface.
Although friction presents a resistance to machines,
yet it has its uses in mechanical operations. It is
this which makes the screw and the wedge keep their
places ; and it is the friction of the surfaces of brick
and stone against each other, which gives stability to
buildings constructed of them. The wheels of a car-
riage advance by their friction against the ground.
On perfectly smooth ice they would turn without ad-
vancing. We could not walk did not friction furnish
us with a foothold ; and it is for want of friction that
walking is so difficult on smooth ice. So rail cars
meet with great difficulty in proceeding when the rails
have been recently rendered slippery by ice: the
wheels turn without advancing. Friction is even em-
ployed as a mechanical force, as when a lathe is
tummed by the friction of a band. Air meets with
greater resistance in passing over rough surfaces than
water does; for water deposites a film of its own
fluid upon the surface over which it moves, and thus
lubricates it. Hence water flows in pipes with less
resistance than air passes over the surfaces of a rough
apd sooty chimney.

61. The resistance which bodies meet with in
passing through air or water, increases rapidly as the
velocity is increased, being proportioned to the square

. of the velocity. Thus, if a steamboat doubles its

n substances? Give examples of the uses of friction in the screw
the wedge—in the materials of a building—in carriage wheels—in
hhu? ‘Which meets with the greater resistance from friction, water
wair

8. Hosr is friction proportioned to velocity ? Example.




NATURAL PHILOSOFn..

eed, it encounters not merely twice as much resi

nce from the water, but four times as much. Th
1akes it much more expensive to move boats rapid
han slowly, for it would require nine times the for(
w0 triple the speed.

CHAPTER III.

HYDROSTATICS.

PRESSURE OF FLUIDS—SPECIFIC GRAVITY—MOTION OF FLUIDS
WONDERFUL PROPERTIES COMBINED IN WATER.

62. HyprosTaTICS is that branch of Natural PI
losophy, which treats of the pressure and motion of fui
in the form of water.

Sec. 1. Of the PrEsSURE of Fluids.

63. Water, on account of the mobility of its parl
may be easily displaced, but it is with great difficul
compressed. If we take a hollow ball of even
compact & metal as gold, fill it full of water, plug
close, and put it intoa vise and compress it, the w:
will sooner force its way through the gold than y
to the pressure. This is an old experiment, and i
to the belief that water is wholly incompressible
it is now found that its volume may be reduc
smaller dimensions by subjecting it to very great
sures. Thus, 30,000 pounds pressure to the inc
lessen its bulk one twelfth.

64. A fluid when at rest, presses equally in al
tions. A point in a tumbler of water, for e:
taken at any depth, exerts and sustains tl
pressure in all directions, upwards, downwe
sideways. So that if I attach a string to :

62. Define Hydrostatics. 63. Is water compressible ? |
What force is required to lessen its bulk one twelfth ?
64. What is the law of pressure in all directions 2 Exv
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let it down into water, the weight of the water
sts on its upper side is balanced by an equal
on its under side. This is the most remark-
rerty of fluids, and is what distinguishes them
ids, which press only downwards, or in the
of gravity.

given pressure, or blow, impressed on any
f a mass of water confined in a vessel,is dis-
'qually through all parts of the mass. If 1
cork into a bottle filled with water, so near
hat the cork meets it, the pressure is felt, not
n the direction of the cork, or just under it,
11 parts of the bottle alike ; and the bottle is
to break in one part as another, if equally
rroughout, and if not equally strong, it will
- at its weakest point, wherever that is situ- -
" we insert into a large vessel of water a
adder, and then press upon
r surface of the water with
. fits it close, as in figure 33,
der will indicate an equal
on all sides. A is the lid
the jar, water tight, and is
o the top of the fluid; B is
blown bladder, kept in its
a leaden weight resting on
m of the vessel. If a thin
1 is substituted for the blad-
ressing down the lid, it will
m into minute fragments, showing an equal
on all sides. The same effects would follow
y pressure applied at the side, or any other
he vessel, instead of the top.
his principle operates with astonishing power
drostatic press. Figure 34 represents a press

Fig. 33.

is a pressure on an)i:part of a confined mass of walex dia-
Yxample. [Explain Fig. 33.
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made of a strong frame of timbers, having
cylinder, C D, full of
and opening info :
cylinder, AB, in w
plug (called a pis
moved up and down
lever attached to
D is another piston
when forced upward
es upon a follower
which communicat
force to a pile of boo
posed in the proc
binding. Now if I apply my hand to the ler
force down the piston in AB upon the sur
the water, with whatever force it presses up
surface of the fluid in the small cylinder, th
is exerted on all parts of the water in the larg
der, and consequently upon the piston D to
upwards against E. Suppose the number of
inches in the bottom of the piston E, is a tl
times as great as in that of the piston at B ; t
urging B forward with a force equal to one 1
ounds, I should communicate to E a pressure
undred thousand pounds. The water in th
cylinder would descend a thousand times as n
that in the large cylinder rose, so that the
through which the accumulated force could ac
be very small ; still it would be sufficient fc
articles as books, where the whole compressio
small. Since there is no loss from friction
machine, 2 man can by means of it exert a
power than by any other to which he can aj
own strength. He can by means of it crush

Fig. 34.

. 66. Describe the Hydrostatic Press. Supposc the number
inches in the larger piston is a thousand times as great
smaller? Uses of the Hydrostatic Preast
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33 wd cut in two the largest bars of irou. The hydros-
"' tuc press is much used as an oil press, as in ex-
tracting oil from flax seed ; and also for packing hay,
cotton, and other light substances.

67. The surface of a fluid at rest is horizontal.
This property is applied to the construction of the
FLUID LEVEL, used by carpenters, masons, and other

Fig. 35.

workmen. It usually consists of a flat rule, having a
borizontal glass tube on the upper side, containing
alcohol (which is preferred to water because it never
freezes.) The tube is not quite full of the fluid, so
that when laid on its side a bubble of air floats on the
upper surface. When this is exactly at a given mark
near the middle, then the surface on which the rule
is laid is level. Figure .

36 represents a levelling Fig. 36.
staff much used in sur-
veying and grading
Jands. The liquid in the
two arms of the tube at
A and B being precisely
on a level, any two re-
mote objects, P and Q,
may be brought accu-
rately to the same level
by sighting P with the
eye at A ; that is, bring-
ing it into the same hor- =
izontal line with the sur- "~
faces of A and B, and
then sighting Q in the same manner..

67. How is the surface of a fluid when at rest? Describe the fluid-
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68. The pressure upon any portion of
Sfluid, is proportioned to its depth below th
we let down a junk bottle into the sea,
on all sides of it would continually incr
scended, until it would be sufficient to ¢
great strength, however, would enable
prodigious pressure. When an empty |
closely, is let down to a great depth, ¢
up, it is found full of salt water, and yet
disturbed. At a certain depth, the pre:
cork is such as to contract its dimensi
being equally pressed on all sides, it is 1
Its size being contracted, the water n
sides ; but on rising to the surface, the
again to its former bulk. When the sto
admit of compression, the water sometii
through its pores and thus fills the bottle.

Fig. 37. 2t & great depth, have the
dered so heavy by the gre:
. water forced into it, that v
to pieces their parts do ni
pressure of water on a squa
depth of eight feet, is 500
having the same amount a
ery eight feet of descent, it :
prodigious. At the depth
is no less than 330,000 pot
square foot.
69. Fluids rise to the sas
opposite arms of a bent tube.
be a bent tube : if water b
either arm of the tube, it w
same height in the other ar
material what may be the ¢

68. How is the pressure of a column of fluid at
E am;le in a junk-bottle. 'What happens toa corke
great depth? What is the pressure on asquare foa
eight feet,—and a mile ?

]
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inclination of the opposite arms. Figure 38 represents
a variety of vessels and tubes open at top but com-

Fig. 38.

municating with a common cistern of water below.
If we pour water into any one of these, so as tofill it
to any height, the water will be at the same height
in each of the others. Hence, water conveyed'in
aqueducts, or running in natural confined channels, will
rise just as high as its source, and no higher. Be-
tween the place of exit and the spring, the ground may
rise into hills and descend into valleys, and the pipes
which convey the water may follow all the irregular-
ities of the country, and still the water will run freely,
provided no pipe is laid higher than the level of the
spring.

70. The pressure of a column of water upon the bot-
tom of a vessel, depends wholly upon the height of the
column, without regard to its shape or size. In figure
38 the pressure on the bottom of the cistern will be
-the same whether one tube is attached, or the whole
number, or the vessel itself is raised to the same
« height all the way of the same size as at the bottom,

69. Fl\udn m the opposite arms of a bent tube ? What does Fig. 38
How high will water in an aqueduct rise ?
% pnwhatdoea the pressure of a column of fluid on the bottom
7
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or even if swelled out like a funnel, so to be
larger above than below. On this principle is fo
the hydrostatic paradox—that any guantity of
) however small may be made to rai
Fig. 39. weight however great. Figure 3
resents a bellows having on on
an open tube communicating w
On pouring water into the tubx
bellows being full) it will force
top of the bellows although loade
heavy weights. A wine glass of
for example, will raise the boy
stand on the bellows, and would
bly lift a weight many hundred
as great. The principle is the
as in the hydrostatic press.
the weight of the column of wa
fords the power that acts on the larger end of th
lows, as in the press the force of the piston i
small cylinder acts on that in the larger.

Skc. 2. Of Specific Gravity.

71. Speciric GRAVITY is the weight of a bod;
pared with another of the same bulk, taken as a .
ard. Water is the standard for solids and liq
common air for gases. The specific gravity
mineral, for example, or of alcohol, is its weight
pared with that of a mass of water of exactl
same volume; the specific gravity of steam
weight compared with that of the same volume
mospheric air. We must know, then, what an
volume of the standard would weigh. This is ¢

of a vessel depend 7  State the principle called the hydrostaticp
Explain Fig. 39.

71. Define cpeatﬁc gravit % ‘What is the standard for solids
for liguids—what for gases? Wheatmust we know in order to
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tained in the case of a solid, by finding how much
less the body weighs in water than in air; and, in the
case of a liquid or a gas, by weighing equal volumes
of the body and of air. Wishing to know how much
heavier a certain ore, which 1 suspected to be silver,
was than water, I tried to compare its weight with
that of an equal bulk of water; but the ore being of
very irregular shape, I found great difficulty in meas-
uring it accurately to find the number of sclid inches
in it, so that I could weigh it against the same num-
ber of inches of water. But learning that a body
when weighed in water weighs as much less than
when weighed in air, as is just equal to the weight
of the same volume of water, I attached a string to
the ore, hung it to one arm of the balance, and found
its weight to be 4.75 ounces ; )
and then bringing a tumbler of Fig. 40.
water under the suspended ore
80 as to immerse it, I found it
did not in this situation weigh
as much as before, but I had to
take out 1.25 ounces to restore
the balance. This, then, was
what the ore lost in water,and Y
was the weight of an equal g%
volume of water. Now I have
found that the ore weighs four
ounces and three quarters,
while the same bulk of water
weighs only one ounce and a
quarter. I see, therefore, at once, that the ore is about
four times as heavy as water ; but to find the exact
xciﬁc gravity, I see how many times the weight of
ore is greater than that of an equal volume of
water, by dividing 4.75 by 1.25, which gives 3.8 as

specific gravity of abody? Describe the way of finding the specific
gravity of an ore—also ol'v alcokol—also of carbmyuc audm v
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the exact specific gravity of the ore. I conclude,
therefore, that it cannot contain much silver, if any;
otherwise it would be heavier. Again, desiring to
find the specific gravity of some alcohol (which is
better in proportion as it is lighter,) I took a small
phial, counterpoised it in a pair of delicate scales,
and poured in water gradually till I had introduced
exactly 1000 grains. I then set the phial on the
table, and placing my eye accurately on a level with
the surface of the water, I made a fine mark withs
small file just round the water line. On emptying out
the water and filling the phial to the same mark with
the alcohol, I found the weight of it to be 815 grains.
I therefore inferred that its specific gravity was 815,
water being 1000. Having now my phial ready,l
filled it to the mark successively with half a dozen
different liquors, some lighter and some heavier than
water, and thus found the exact specific gravity of each.
Finally, I had the curiosity to see which is the heav-
iest, common air, or that sort of air which sparkles so
briskly in soda-water, and in bottled beer, called car-
bonic acid. I therefore weighed a light glass bottle,
which, as we commonly say, was empty, but was re-
ally filled with common air, and then withdrawing the
air from the bottle by means of a kind of syringe which
sucked it all out, I then turned the stop-cock attached
to the mouth, shut the bottle close, and weighing it
again, found it had lost 40 grains, which was the weigh
of theair. At last I filled the bottle with carbonic acid
instead of air, and weighing again, found the vessel now
weighed 60 grains more than before. This was the
weight of the carbonic acid; and now having found
that when we take equal bulks of common air and
carbonic acid, the latter weighs 60 grains, while the
former weighs only 40, I infer that the carbonic acid
is one half heavier than common air ; that is, its sp

cific gravity is 1.5. By a similax pracess, I fr
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that hydrogen gas, one of the elements of water, is
more than thirteen times as light as air, being the
lightest of all known bodies.
72. A body floats in water at any depth, when its
specific gravity is just equal to that of water. The
human systerh is a little heavier than water, and there-
fore tends to sink in it; but if we strike the water
downwards, its reaction will keep us up, acting as it
does in 2 direction opposite to that of gravity. A very
slight blow upon the water is sufficient to balance the
downward tendency, and therefore swimming becomes
an easy matter when skillfully practiced. As we lose
in water as much of our weight as the same bulk of
water would weigh, and that is nearly the whole, it is
only the slight excess of our weight which we have
to sustain in swimming. Indeed, if we could keep
our lungs constantly inflated, we should require no
reaction to keep us up, but should float on the surface.
Dr. Franklin when a boy swam across a river by the
aid of his kite, which supplied the upward force nec-
essary to sustain him, instead of the reaction of the
water. Fishes are nearly of the same specific gravity
as the water in which they live. They are supplied
with a small air-bladder, which they have the power
of compressing and dilating. When they wish to sink
they compress this bladder, and their specific gravity
is then greater than that of the water ; and they easi-
ly rise again by suffering the badder to dilate. Birds
float in the atmosphere on similar principles. Being
 but little heavier, bulk for bulk, than the air, very
slight blows with their wings create the reaction in
wn upward direction, which is necessary to sustain
them ; stronger blows cause the reaction to overbalance

72. When does a bodgﬂoaz in water? How is the body supported
in swimming ? How did Dr. Franklin swim across ariver 7 ﬁ%:v do
Jshes ascend and descend? How %o birds fly 7

7
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the excess of their specific gravity over that of the
and they rise with the difference.

73. When a body floats on the surface of wat:
displaces as much weight of water as is equal t
own weight. Thus, if I place a wooden block we
ing four ounces in a tumbler of water even full,
four ounces of the water will run over, as we
ascertain by collecting and weighing it. Upon
principle ships float on water. In proportion a:
lade the ship, it sinks deeper and deeper, the wi
of water displaced always being exactly equal &
weight of the ship and cargo. The actual weig
the ship and cargo may be easily ascertained on
principle ; for if we float the ship into a dock of kn
size containing a given quantity of water, the wi
of the ship and cargo may be determined from the
of the water in the dock. A boy wished to find

tonnage of his boat.

therefore loaded it as h

as it would swim, and

transferred it to a small

which he had made, a

which he knew the ¢
s {dimensions. He then pc
into the box a pound of
‘ter at a time, and whi

- ‘ m=====had settled to a good 1
he made a mark at the water line, and adding
pound of water at a time, he thus had marks at d
ent heights, from one pound up to twenty. He f
that four pounds of water were amply sufficie:
float his boat, and when the boat was laid up
the water rose on the sides to the nineteenth n
Consequently the boat had raised the water fi

Fig. 41.

73. How much water does a floating body displace? Exi
Method of finding the tonnage of a ship? How did the doy fis
tonnage of his boat ?
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marks; and its weight was of course fifteen pounds;
for it weighed just as much as the water would have
weighed which it would have taken to raise the leve
from the fourth to the nineteenth mark. .

Skc. 3. Of the MoTioN of Fluids.

74. That part of Hydrostatics which treats of the
mechanical properties and agencies of running water,
is called Hydraulics, and machines carried by water,
or used for raising it, Hydraulic machines. It em-
braces what relates-to water flowing in open channels,
as rivers and canals ; or in pipes, as aqueducts ; or is-
suing from reservoirs in jets and fountains ; or falling,
a8 in dams and cascades; or oscillating in waves.
Ariver or canal is water rolling down hill, and would
be subject to the same law as other bodies descend-
ing inclined planes, were it not for the numerous im-
pediments which oppose the full operation of the law.
Now a body rolling down an inclined plane has its
motion constantly accelerated, like a body falling per-
pendicularly, gaining the same speed in descending
the plane that it would in falling through the perpen-
dicular height of the plane. Hence when a body rglls
down a long plane without obstruction it soon acquires
an immense velocity, as is seen in-a rock rolling d
slong hill. In the same manner, a body of water
descending in a river constantly tends to run faster
and faster, and would soon acquire a most destructive
momentum, were it not retarded by numerous counter-
acting causes, the chief of which are the friction of
the banks and bottom, and the resistance occasioned
by its winding course, every turn opposing an imped-
iment of more or less force. By such a circuitous
route two benefits are gained—the rapidity of the

74. Define Hydraulics. Whatslm'ectsdoesitmbrmT Are riv.
erssubject to the laws of falling bodies ? What benefits arise from
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stream is checked, and its advantages are more widely
distributed. A river flows faster in the channel, to-
wards the middle, than near the banks, because it is
less retarded by friction ; and during a freshet the
rapidity is greatly increased, because since the waters
that are piled on the original bed are subject to little
friction, they exhibit something of the accelerated mo-
tion of bodies rolling freely down inclined planes. A
very slight fall is sufficient to give motion to water
where the impediments are slight. The Croton Aque-
duct, that waters the city of New York, falls butone
foot in a mile. Three feet fall per mile makess |
mountain torrent. Some rivers do not fall more than .
500 feet in 1000 miles, or a foot in two miles, and re- !
quire a number of days, or even weeks, to pass over
this distance.

75. The Aqueducts which the ancient Romans
and Carthagenians built for watering their cities,
were among the greatest of their works, some of
which have remained until the present day. Large
streams were conducted for many miles, sometimes
not less than a hundred, in open canals, carried through
mountains and led over deep valleys, on stupendous
arches of masonry. Some have supposed that the
ancients must have been unacquainted with the pria-
ciple, that water flowing in pipes will rise as high as -
its source, since, had they known this, they might
have conveyed water in pipes instead of such expen-
sive structures ; these might have ascended and de-
scended, following all the inequalities of the face of
the country, provided they were in no part higher
than the head or spring. It is found, however, thst
they were acquainted with the principle, but prefer-

the circuitous routes of rivers 7 What part of a river flows fastest?

‘Why do rivers run so swift duri het 7 What fall i
the Croton Water Works ? ring 8 fres ut falf por mile harv

75. What of the Aqueducts of the Romans and Carthagenians !
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astruct their aqueducts of open channels rath-
1 pipes. Suitable pipes, at that age, would
sen very costly. They are apt also to become
1; and although they might have followed the in-
ies of hills and valleys, yet when they descend-
ascended far from the general level, they would
ged to encounter an enormous pressure, since,
lumn of water, the pressure on any part is pro-
ed to the depth below the surface of the wa-
creasing five hundred pounds to the square foot
ry eight feet of descent. A pipe, therefore, fifty
ep and full of water, would have to bear a pres-
t the lower part of more than three thousand
:to the square foot, and must be made propor-
7 strong, and would be apt to leak at the joints.
it the present day, it is found more eligible to
cities by open aqueducts than by pipes, as is
1the new Croton Water Works for watering the
New York. Here an artificial river of the
water is conveyed from the county of Westches-
rty-one miles above the city, to a vast resevoir
s of holding 150,000,000 of gallons, where it has
mity to deposit any sediment or impurities it
wve taken up on its way, and to absorb air, which
it life and briskness. From the reservoir it is
ated to all parts of the city in pipes, affording
sle supply for domestic uses, for watering and
1g the streets, and for extinguishing fires.
When a plug is removed from the top of one of
es of an aqueduct, the water spouts upward in
for, since water thus situated tends to rise as
8 its source, it will spout to that height when
ined. At least it would ascend to that height

e ancients acquainted with the principle that water ascends
vel of its source? Describe the Croton Water Works.

by q’oea water spout from a pipe of an aqueduct? How Wgh
out
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were it not for the resistance of the air, which pre
vents its attaining that full height. It is on this prin
ciple that fountains are constructed. If we open:
vent in the side of a water-pipe, so as to let the je
out obliquely, it will form the curve of a parabola
and by letting out the jet through different orifices
the curves may be varied, and beautiful and pleasin;
figures exhibited, as is shown at the Park Fountai
in the city of New York.

77. In building tall or deep cisterns, we must re
member, that the pressure on any part of the cister
iucreases with the depth, and hence that the lowe
parts require to be made stronger and closer than th
upper, else they will either burst in pieces or leal
A philosopher wishing to provide a constant suppl
of water near his house, constructed a large cister
six feet high, and contrived to convey a small strea
of water to the top which kept it always full and run
ning over by a waste-pipe. In the side of the cister
he inserted two large stop-cocks of equal size, th
first, one foot, and the other four feet from the tof
supposing that he might, in a given time, draw off eithe
one gallon or four gallons ; but he was surprised to fin
that he could obtain from the lower stop-cock onk
twice as much as from the upper. How, thought he
is this consistent with the principle that the pressw
is proportioned to the depth ? If it presses again
the side of the cistern at the lower level four times
much as at the upper, why do not four times as mar
gallons run out when the stopper is opened? Ontr
flection, however, he perceived that the pressure
the side must be proportioned to the momentum, whi
depends on two things—the quantity of matter a
the velocity ; and of course that twice the quantity

77. How must we provide for the strength of a pipe at differ
heights 7 Relate the story of the philosopher drawing water from a.
tern. To what is the quantity of waler dacharged (rom e cisten
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water flowing with twice the velocity, would have
just four times the momentum. Hence he learned the
grand principle, thatin a column of water kept con-
stantly full, the quantity discharged from any orifice
in the side, is proportioned to the square root of the
depth below the surface of the fluid. So that, to
draw off twice as much, we must make the opening
four times as deep, and to draw off three times as
much, as must make it nine times as deep.

78. The philosopher tried another experiment with
his cistern. He turned off the run of water that sup-
plied the cistern, and then opened the upper stop-
cock, and found it took just five minutes to draw off
the water to that depth. He then let in the run that
supplied the cistern and kept it constantly full. Now
opening the same orifice again, and drawing off for five
minutes more, he found that he caught just twice as
much water as before. From this he inferred, that if
a vessel discharges a certain quantity of water in emp-
tying itself to a certain level, it will discharge twice
as much in the sameé time, when the vessel is kept
constantly full.

79. Water issues from the bottom or side of a ves-
sel with the same force that it would acquire by fall-
ing through the perpendicular height of the column.
It would therefore seem to make no difference wheth-
er we lot water fall upon a water-wheel from the top
of a cistern, or whether we raise a gate at the bot-
tom of the column and let the water issue so as to
strike the wheel there, since it would strike the wheel
in both cases with the same velocity, except what
might be lost in the falling column by the resistance

different depths proportioned? How much lower mnst we go to dou-
ble the quantity 1pr

78 other experiment did he try? How much more is dis-
when the vessel is kept constantly full ?

79. With what force does water issue from the bottom or side of a
vessel? Does it make any difference whether waker {al\a upen =
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of the air. A water-fall like that of Niagara, where }:
an immense body of water rolls first in rapids downa
long inclined plane, and then descends perpendicu-
larly from a great height, affords one of the greatest ex-
hibitions of mechanical power ever seen. The Falls
of Niagara contain power enough to turn all the mills
and machinery in the world. They waste a greater
amount of power every minute, than was expended
in building the pyramids of Egypt; for, in that short
space of time, millions of pounds of water go over
the falls, and each pound by the velocity it gains
in falling first down the rapids, and then perpendicu-
larly, acquires resistless energy. Water falling one
hundred feet would strike on every square foot withs
force of more than six thousand pounds.

80. Man imitates the power of the natural water- |
fall when he builds a dam across a stream, raising
it above its natural level, and then turning aside more
or less of it into a narrow channel, makes it acquire
momentum while regaining its original level. When !
it has gained the requisite force, he turns it upona
water wheel usually of great size, from whicg:m
means of machinery, the force is distributed wherever--
it is wanted, and so applied as to do all sorts of work ,
When a run of water first strikes a wheel at rest, i,
strikes it with its full force ; but as the wheel mo
before it, the effect of the force is diminished, and #
the wheel acquired the same velocity as the s
the force would become nothing. The wheel is
tarded by making it do more and more work, or carny
a greater weight, until it acquires a uniform motion
a certain rate, which ought to be that at which the fc .
of the stream produces the greatest effect. This is.§_

wheel from the mr, or issues upon it from the bottom ? What of th™
Falls of Niagara

80. When does man imitate the water-fall? With what force does:
run of water first strike a wheel 2 How when the wheel is in motios -
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in some cases when the wheel moves half as fast as
the stream. That a current of water or of wind strikes
an object with less force when the object is moving the
same way, is a general principle. Thus, when a stcam-

- boat is moving directly before the wind, she would de-

- rive little aid from sails unless the wind were high,

- for she would “ run away from the brceze ;” that is,
the wind would produce no effect any farther than its
velocity exceeded that of the boat, and if it werc just
equal to that, the effect would be absolutely nothing.
A man in a balloon carried forward by a wind blow-
ing a hundred miles an hour, would speedily acquire
the same velocity with the wind, and therefore appear
to himself to be all the while in a calm. Although
the earth is constantly revolving round the sun with
inconceivable rapidity, yet as we have the same ve-
locity we seem to be at rest.

Skc. 4. Of the Remarkable Properties combined in
Water.

81. Water combines in itself a variety of useful
properties, all designed for the benefit of man. First,
Natural History leads us to contemplate it in its va-
r  rious aspects. It covers about three fourths of the
& globe, and is distributed.into oceans, seas, and lakes,
> Tivers, springs, and atmospheric vapor. By the agency
2 of heat, water is constantly rising in vapor on all parts
=az  ofthe ocean. This mingles with the air in an invisi-
s ble elastic state, being separated in the process of
*a~ evaporation from its salt and every other impurity.
ot . More or less of it is conveyed over the land by winds,
fo ad falls upon it in dew, and rain, and snow. A part

In what case does the stream produce its greatest effect? Example
- imasteam-hoat. Tlow would aman in a balloon appear to himself to
be situated when moving with the same velocity as the wind ?
81. What part of the eurth is covered withwater? In what difler-
DOS= &t forms ? bencfits flow from rivers?  Alse {rom¥he ocean
. 8
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of this filters through the sand, runs down in th
vices of rocks, and collects in pure fountains 1
below the surface, where it may be easily reac.
almost every place, by digging wells. In v
places it flows out by its own pressure in sprin;
streamlets, which unite in rivulets, and these -
ers, which return the water to the sea. But riy
they run are made to impart fertility, and to furn
avenue by which vessels and steam boats may
trate into the heart of every country, and con
the remotest cities the riches of every clime. .
ers furnish an entrance into the interior of coun
so the ocean forms the great highway betwe«
tions, and unites all nations in the bands of com
Still further, to serve the grand cause of benevc
the ocean is filled with living beings innum
which are not, like land animals, confined to tt
face, but occupy the depth of at least six hundre
and thus enjoy a far more extensive domain th:
part of the animal creation that inherits the lanc
82. Secondly, Chemistry reghrds water wi
less interest than Natural History. Its very co
tion is admirable, being constituted of two subst
oxygen and hydrogen, which, when united witl
are separated in the gaseous form, and each pa
es the most curious and wonderful properties.
gen is found as an element in nearly all bodies
ture ; it is the part of atmospheric air, whict
tains all animal life and supports all fires ; an
the most activeé agent in producing all the ct
of matter which take place both in nature ar
Hydrogen gas is the most combustible of all b
and is in fact what we see burning in nearly
sort of flame. As a solvent, water performs the
useful service to man, removing every impurity
his clothing or his person, dissolving and p

) What is the composition of warer? Wt ot owygon
&en? What of water as a solvent 2 Of the Rfferent tatea «
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ing his food, and entering largely into nearly all the
processes of the arts. By the different states which
water assumes, of ice and snow and vapor, it performs
important offices in the economy of Nature, as well
as in its native state of a liquid. ‘These changes of
state regulate the temperature of the atmosphere, and
preserve it from dangerous excesses both of heat and
cold. On the one hand, on the approach of winter in
cold climates, water changes to ice and gives out a
vast amount of heat that kept it in the liquid state ;
and on the approach of summer, to check the too ra-
pid increase of temperature, the same heat which was
given out when water was changed into ice, is now ab-
sorbed and withdrawn from the atmosphere, asice is
changed back to water. Moreover, during the heat
of summer, the evaporation of water, a very cool-
ing process, checks the tendency to excess of the
heat of the sun, and guards us from all danger on that
hand. Ice, by covering the rivers, keeps them from
freezing except on the surface ; and snow is a warm
and downy covering thrown over the earth, to pro-
tect the vegetable kingdom by confining the heat of
the earth. '
83. Thirdly,itis the province of Physiology to con
*  template the relations of water to the vegetable and
¢ wnimal kingdoms. Water is the chief food of plants,
T which it nourishes, either by supplying a part of their
etlements, or by dissolving their nutriment, and thus
= peparing it for circulation ; and hence water is indis-
¥ pensable to the life and growth of all vegetables. To
¥ mimals and man, it furnishes the best and only neces-
i* mry beverage ; it is the medium by which our food is
¢ prepared ; and it acts medicinally in various ways,
™ both internally and externally.

How does it check the cold of winter and the Aeat of summer 1 Usefol

a m . the relations of w. h etable Kingds Wher
are ate: \
. T to the veg: ekmg om
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84. Finally, the Mechanical relations of watex
as those we have been considering in the prece
pages, are hardly less remarkable and important
the rest. By its mobility, it maintains its ownle
and keeps itself within its precribed bounds ; by
buoyancy, it furnishes a habitation for numerous tri
of fishes, and lays the foundation of the whole a1
navigation ; by its pressure in all directions, it gi
the first indication of containing great mechan
energy, which is more fully developed in the
mense force of running water, which may be reg:
ed as a repository of power kept in readiness for
use of man; and, finally, by its property of be
converted into steam, it discloses a new and ir
haustible fountain of mechanical force, which 1
may employ in any degree of intensity to perform
humblest and the mightiest of his works.

CHAPTER IV.
PNEUMATICS.

PROPERTIES OF ELASTIC FLUIDS—AIR PUMP—COMMON PUMP-
PHON—BAROMETER—<CONDENSER—FIRE ENGINE—STEAM AN!|
PROPERTIES—STEAM ENGINE.

85. PNEUMATICS is that branch of Natural Phil
phy which treats of the pressure and motion of ela
Sfluids. Elastic fluids are those which are capabl
contracting or dilating their volume under diffe:
degrees of pressure. They are of two kinds, g
and vapors. Gases constantly retain the elastic
visible state ; vapors remain in this state only w
heated 10 a certain degree, but return to the lic

84. Advantages of its mobilty—of its pressure—of its capacity o
ing converted into steam.

85. Define Pneumatics. What are clastic fluids? State the

kinds and distinguish between them. What two estie @uids
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state when cooled. Common air is a gas, steam a
vapor. Although there are many different gases and
vapors known to Chemistry, yet air and stean are the
elastic fluids chiefly regarded in Natural Philosophy.
Air and steam are both commonly invisible ; but air,
when we look through an extensive body of it, ap-
pears of a delicate blue or azure color, which habit
leads us to refer to distant objects seen throughit. It
is not the distant mountain that is blue, but the air
through which we see it. Air also sometimes becomes
visible when ascending and descending currents mix,
as over a pan of coals, or a hot chimney, when we
see a wavy appearance, which is air itself. Vapors
also exhibit naturally some variety of colors, as yel-
low and purple ; kut the vapor of water or steam is
usually invisible. We must carefully distinguish be-
tween elastic vapor and the mist which issues from a
tea kettle. ‘Thisis vapor condensed, or restored to the
state of water, and it is only at the mouth of the tea-
kettle, where it is hot, that it is in the state of steam,
and there it is invisible.

86. The general principles of mechanics apply to
liquids and gases, as well as to solids, all bodies be-
ing subject alike to the laws of motion ; but the prop-
erty of mobility of parts, which characterizes liquids,
and of elasticity which characterizes gases and va-
pors, gives them severally additional properties, which
lay the foundation of hydrostatics and pneumatics.
Although we do not usually see gases and vapors, yet
we find in them properties of matter enough to prove
their materiality. In common with solids, they have
impenetrability, inertia, and weight; in common with
liquids, they are subject to the law of equal pressure
in all directions, and when confined, they transmit the

chiefly regarded in Natural Philosophy ? When is air visible 7 Are
rs ever visible? .
Do the general principles of Mechanics apply o Mouda wed
|
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effects of a pressure or blow upon any one part of the
vessel, to all parts alike ; but in their elasticity, they
differ from both solids and liquids. Since air and
steam are the elastic fluids with which Natural Phi
losophy is chiefly concerned, we shall consider each
of these separately. .

Skc. 1. Of Atmospheric Air.

87. We may readily verify upon atmospheric air,
the various properties of an elastic fluid. Its im
penetrability, or the property of excluding all other
matter from the space it occupies, will be manifested
if we invert a tall tumbler in water. It will permit the
water to occupy more and more of the space as we
depress it farther, but will never cease to exclude the
water from a certain portion of the tumbler which

Fig. 42. occupies. We may render this ex
periment more striking, by employ:
ing a glass cylinder and piston, as it
represented in Fig. 42. Let ABCID
represent a hollow cylinder, made
perfectly smooth and regular on the
inside, and P a short solid cylinder
called a piston, moving up and dowr
in it air tight, and R the piston-rod
Now when we insert the piston nea
the top of the cylinder, the spae
below it is filled with air. On de
pressing the piston, the air, on ac
count of its elasticity, gives way and we at first fee
but little resistance ; but as we thrust it down neare
to the bottom, the resistance increases, and finally be

gases? What property characterizes liquids, and what solids ? Wha
propertics of matter have gases and vapors ? X

87. Show how air is proved to be material. Explain Figure 4!
State the different principles which this apparatus is capable of prot
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)nes so great that we cansot depress it amy farther
7 the strength of the hand. If we apply heary
eights, we may force it nearer and nearer o the
sttom of the cylinder ; but no power will bring it into
ontact with the bottom. This experiment may be
» varied as to prove several things. First, it shows
1at air is impenetrable ; secondly, that it may be in-
efinitely compressed—all the air of a large room
right be reduced to a thimble-full, and on removing
he pressure, it would immediately recover its original
olume ; thirdly, that the resistance increases the
nore it is compressed. We will graduate the cylin-
ler into a thowsand equal divisions, by horizontal
parks numbered from the bottom upwards from one
o one thousand, and place on the pan at the top of
he piston-rod a few grains, so as just to overcome the
riction of the piston against the sides of the cylinder.
We will now put on weights successively, nntil we have
sunk the piston half way, when the air occupies five
hundred instead of a thousand parts of the cylinder.
If we double the weight, it will not carry the piston
the same distance as before, that is to the bottom, but
only through half the remaining space, so that the air
now occupies one fourth of the capacity of the cylin-
der. If we double the present weight, it will again
be compressed one half, so as to fill but an eighth
part of the cylinder. We find, therefore, that a double
force of compression, always reduces to half the form-
er volume. This law is expressed by saying, that the
volume of a given weight of air is inversely as the com-
pressing force.

88. Air has the property of inertia. It remains at

ing. How is the volume ofa given weight of air proportioned to the
compressing force ?

8. Why has air the property of inertia? State the experiment
which shows that air has weight.” Why is air called a fluid? Haxe
the particles of elastic fluids any cohesion 1
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rest unless put in motion by some force, and continue:
to move until some adequate force stops it. Whe
put in motion by any moving body, it destroys just &
much motion in that body as it receives from it; am
it loses its motion only as it imparts the same amoun
to some other matter. A large body moving swiltl)
through the air meets with great resistance; bu
whatever motion it loses, it imparts to the air, whicl
might be sufficient to produce a high wind.  Air als
has weight. If we balance a light bottle, containiny
a hundred cubic inches, in a delicate pair of scales
having just pumped out all the air from the bottle, anc
then open the stopper, and admit the air again, wt
find the vessel has gained in weight 30} grains. Wi
call air and all other gases and vapors fluids, becaust
their particles move so easily among themselves
The particles of elastic fluids have no cohesion, bu
on the other hand, have a mutual repulsion, whict
causes them to fly off from each other as soon as tht
compressing force is removed or diminished.

89. The lower portions of air which lie next to the
earth, are pressed by the whole weight of the atmos
phere, which is found to amount to the enormous fores
of 15 pounds upon every square inch; or above 2,00(
pounds upon a square foot. This force would be ir
supportable to man and animals, were it not equal it
all directions, entering into the pores of bodies, ant
thus being everywhere nearly in a state of equilibrium
It is only when we withdraw the air from a giver
space, 80 as to leave the surrounding air unbalanced
that we see marks of this violent pressure.

90. THE a1r Pump. Various properties of the ai
are exhibited by this beautiful and interesting appara
tus. A simple form of the Air Pump is shown in fig

89. What is the pressure of the atmosphere upon a square inch, an
square foot? Why is it not insup to man ?
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upon the orifice, and as the air cannot esc
same way it entered, it is forced out by th
the bellows. In the bottom of the cylinder
ure 43, there is a small hole, like a pin
drawing up the piston, the space below it 1
vacuum were it not that the air instantly
from the pipe, B, and the receiver, D, ar
space, as water runs into a syringe. A st
silk is tied firmly over the orifice in the
the cylinder on the inside, opening freel
when this air seeks entrance from below, b
downwards and preventing its return. T
should attempt to force down the cylind
below it would resist its descent ; but a sn
made through the piston itself, and a valve
upper side -opening upwards ; so that on
the piston, the air below makes its way tl
valve and escapes into the open space -at
raise the piston, and the air in the receiver
through a valve in the bottom of the cylind
upwards. The original air of the receiver
expanded equally through the receiver, th
and the connecting-pipe, we thrust down t
and the portion of the air that is contained
inder is forced out through the piston.
raise the piston, and the remaining air of tt
expands itself as before through the vac
depress the piston, and a second cylinder
is withdrawn. By continuing this process,
‘more and more the air of the receiver, ever
the piston leaving what remains more rar
fore. Still, on account of the elasticity of
remains in the cylinder will always di
through the whole vessel, so that we cann
a complete vacuum by the air-pump.

gmce.ss of exha\mmg avessel. Can we produce a cox
y the air-pump ?
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91. Several experiments will illustrate the great
_pressure of the atmosphere, when no longer balanced
by an equal and opposite force. We shall find the
Yeceiver, when exhausted by the foregoing process,
held firmly to the plate of the pump so that we cannot
" remove it until we have opened the screw, S, and
admitted the air; then the downward force of the air
being counterbalanced by an equal force from within,
the vessel is easily taken off. The i
Magdeburg Hemispheres,represented in Fig. 44.
figure 44, afford a striking illustration
of the force of atmospheric pressure.
When they have air within as well as
without, they are easily, when joined,
separated from each other; but let us
.. dow put them closely together and
. screw the ball thus formed upon the 9
plate of the pump, exhaust the air, and
< ¢tlose the stop-cock so as to prevent its
-. Teturn. We then unscrew the ball from the pump, and
- - screw on the loose handle ; thehemispheres are pressed
I, % closely together that two men, taking hold by the
5= Opposite handles, can hardly pull them apart. Hemis-
=; - pheres four inches in diameter would be held togeth-
- - o with a force equal to 188 pounds. Otto Guericke,
~«. f Magdeburg, in Germany, who invented the air pump
g contrived this experiment, had a pair of hemis-
;v Dheres constructed, so large that sixteen horses, eight
:~ On each side, were unable to draw them apart. A
i+ Pair only two feet in diameter, would require to sepa-
Tate them a force equal to 6785 pounds. If our bod-
- les were not so penetrated by air, that the external °
: Ppressure is counterbalanced by an equal force from

91. Give an example of the great pressure of the atmosphere.  De-
wcribe the Magdeburg Hemispheres. What is said of those made by Ot-
o Guericke ?  How much pressure does a middle sized man sustain

are we not crushed 7 .
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within, we should be crushed under the
the atmosphere; for a middle sized man w
tain a pressure of about 14 tons. .
92. If we take a square dottls, fit a stop-c
and exhaust-the air, the pressure on the ot
crush it into small fragments, with a loud
It is prudent to throw a towel or handkerchi
over it, to prevent injury from the fragr
square bottle is preferred to a round one, hec
a figure has less power of resistance. The
experiment may be tried without an air
affords a pleasing illustration of the force
pheric pressure. Cut out a circular piece
grained sole leather, five or six inches in
Through a hole in the center, draw a wax.
to serve as :Me.-,. Soak the leather in v
it is very s pliable ; then, on applyi
any smooth, clean surface, as that of a la
slab of marble, or a table, it will adhere -
force, that we cannot lift it off; but whe
upwards, the heavy body to which it is atts
be lified with it. We may, however, sli
] ease, because no forc

Fig. 45. on it jo prevent its
this direction, exce)
the adhesion of the
Flies are said to asce
of glass on this prir
applying their broad f
to the glass, which
down by the pressure
mosphere. When w
sucker, and exhaust i
mouth, the fluid rise

92. Describe the experiment with a square bottle.
stone experiment. Why can we so casily slide the lcath
flies ascend smooth planes. How does theboy wuck
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ced up by the pressure of the atmosphere on its
‘When we draw in the breath, the lungs are
like a pair of bellows. Thus the air runs
e gucker into the lungs and forms a vacuum in
ker. Immediately the pressure of the atmos-
n the surface of the fluid, not being balanced
ube, forces the fluid up the tube and thence
s mouth.
If we fill a phial with water, and, placing one
m the mouth, invert it in a tumbler partly full
r, the water will not run out of )
al, but will remain suspended, Fis.46.
s there being no air at the top of i
imn to balance the pressure that
the mouth of the phial, the col- _, -
nnot descend. If, however, in- ~
f the phial, we should employ a°
re than 33 feet long, on filling it
erting it as was done with the
1e water would settle to about 33
d there it would rest; for the
3 of the atmosphere is capable of
ng a column of water only 33
h. Were it higher than this, it
e more than a counterpoise for
essure, and would overcome it
k; and were it lower than that,
| be overcome by that préesure,
: until it exactly bafmced the .
the atmosphere. In
sipe with water, we will
:k to the open end, screw iton -
» of the air-pump, and exhaust the afr. We
¥ close the stop-cock, and removing the tube

171

cribe the experiment with the phial. Also with a pipe more
-three feet long. If we exhaust the pipe and opem W nnsex
st happens ?

v
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from the pump, will place the lower end of
in a bowl of water. On opening the stop-
water will rush into the pipe, and rise to a
same 'height as before, namely about 33 fee

it will rest.

In both cases, there is an em;

or vacuum in the upper part of the pipe :
column of water.

Fig. 47.

T

94. This experiment illustrates
ciple of the common pump, of th
and of the barometer. Let us
how water is raised by the pum
apparatus usually consists of two
a larger, A B, above, and a smal
below. The piston moves in tl
pipe, and the smaller pipe dese
the well. On the top of the latte
it enters the former, is a valve, V
upwards. Suppose the piston, P.
‘closé to this valve. On raising
from the lower pipe diffuses itse’
empty space below the piston,
rarefied, and no longer balances
sure of the atmosphere on the
the well. Consequently, the
forced up until the weight of 1
together with the wcight of 1
air, restores the equilibrium.
the piston being drawn up to
rises to H; then the column, ’
rarefied gar in both pipes t
counterblance the weight ¢
phere. On raising the pisto

the water rises above H, but would not p
the valve, V, hy a single elevation of the

94. Explain the common pumyp from Fig‘. 47. Ho

the atmosphere

exert in raising the watex
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-herefore thrust down ghe piston te repeat the operation.
The air between V ahd P is prevented from returning
into the lower pipe, by the valve, V, which shuts dewn-
; but-the enclosed air, when compressed by the

pnding piston, lilts a va!ve in the piston, as in the

“pump, and escapes above. On drawing up the pis-
ton a second time, suppose that the water rises into
the upper pipe above the valve, V, then on depressing
the piston again, this water. pressed on by the piston,
lifts its valve, and gets above it. Finally, on drawing
up the piston again, this same water is lifted up te the
level of the spout, S, where it runs off. We exert
just as much force in exhausting the air, as the pres-
sure of the atmosphere exerts in raising the water.
It requires, therefore, just as much force to raise a
given quantity of water by the pump, as to draw it up
in a bucket; and the only question is, which is the
most convenient mode of applying the force.

95. The Syphonis a bent tube, .
having one leg longer than the Fig. 48.
other, as in figure 48. If we dip
the shorter leg into water and
suck out the air from the tube, the
water will rise, pass over the
bend, flow out at the open end,
and continue to run until all the
water in the vessel is drawn off.
Here the pressure of the atmos-
phere on both mouths of the tube
is the same ; but in each arm, that
pressure is resisted by the weight
of the column of water above it, and more by the
longer than by the shorter column. This is the same
thing as though the pressure were less upon the outer

985. Describe the Syphon. Why does it draw off the liquid ? State

i the uses of the Syphon. How high will it raise water
PN
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than upon the inner mouth ; and it is «
that if the water in a tube is pressed
more than the other, it will flow in the
which the pressure is greatest. 'The syp
in drawing off liquors; and the water in 2
sometimes conveyed over hills on the prin
syphon. But we must remember

Fig. 49. could not be raised by it more th
for when the bend is 33 feet abor
of the fountain, then the column :
er arm balances the pressure of
phere at the mouth of the tube in tl
leaves no force to drive forward
into the descending arm.

96. The Barometer is an ins
measuring the pressure of the atmc
the atmosphere be conceived to
into perpendicular columns, the
measures the weight of one of tl
height of a column of quicksilve
takes to balanceit. Quicksilver i
as heavy as water, and therefore ¢
much shorter than one of water, v
the weight of an atmospheric colu
will imply a column about 2} f
inches high, and it will be much
venient to experiment upon suck
than upon one of water 33 feet
will therefore take a glass tube :
feet long, closed at one end and
other, fill it with quicksilver, and
finger firmly on the open mouth,
sert this below the surface of the
small cistern, as represented in

96. Define the Barometer. Describe the mode of maki
::4.51 wéu;t height will the quicksilver rest? What is the
e
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On withdrawing the finger, the quicksilver in the
tube will settle to the height of about thirty inches,
where it will rest, being sustained by the pressure of
the atmosphere on the surface of the fluid in the
cistern, to which force its weight is exactly equal.
The space above the quicksilver, is the best vacuum
we are able to form. It is called the Torricellian
vacuum, from Toricelli, an Italian philosopher, who
first formed it. The weight of a column of atmos-
pheric air is different in different states of weather,
and its variations will be indicated by thé rising and
falling of the quicksilver in the barometer. Any in-
crease of weight in the air will make the fluid rise;
any diminution of weight will make it-fall. Hence,
these variations in the height of the barometic col-
umn, show us the comparative weight and pressure
of the atmosphere at any given time. By applying to
the upper part of the tube a scale divided into inches
and tenths of an inch, we can read off the exact height
of the quicksilver at any given time. Thus, the fluid,
as represented in the figure, stands at 29.4 inches.
97. The barometer is one of the most useful and
instructive of philosophical instruments. By observ-
ing it from time to time, we may find how its changes
are connected with the changes of weather, and thus
it frequently enables us to foretell such changes. If,
for example, we should observe a sudden and extraor-
dinary fall of the barometer, we should know that a
high wind was near, possibly a violent gale. To sea-
faring men, the barometer is a most valuable instru-
ment, since it enables them to foresee the approach of
agale, and provide against it. As a general fact, the
rising of the barometer indicates fair, and its falling,
foul weather.

97. Explain the use of the harometer as a weather glass. What
would a sudden and extraordinary fall indicate ? ‘What weather doce
i riss, and what its fall indicate ? .

9
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98. The foregoing considerations relate to the
weight and pressure of the atmosphere ; but the air-
pump also affords us interesying illustrations of the

elasticity of air. We will fill &

Fig. 50. phial with water, and invert it is

a tumbler partly filled with the |

same fluid. We will now plaoe §

the tumbler and phial on the plate:

of the air-pump, and cover it with §

a receiver, and exhaust the air.

Soon after we begin to work the

pump, we shall see minute bubbles

of air making their appearance ia

the water, which will rise and col-

lect in a bubblé at the top of the -

column. The bubble thus formed, will expand more
and more as the exhaustion proceeds, until it expels the
water, and occupies the whole interior of the phial
This will happen much sooner if we let in a bubble of
air at first, and do not wait for it to be extricated from
the water; but this extrication of air from the wa-
ter, is itself an instructive part of the experiment, as
it shows us that water contains a large quantity of air,
held in combination with it by the pressure of the at-
mosphere on the surface, which pressure pervades
all parts of the fluid alike. But on withdrawing this
pressure gradually from the surface of the water, the -
particles of air imprisoned in the pores of the water,
escape, and collect on the top. The bubble thus
formed, will expand more and more as the pressure
is still farther removed, until it drives down the wa-
ter and fills the whole phial. If we turn the screw S
of the pump (Fig. 43) and let in the air, the pressure
on the surface of the water in the tumbler being res-

.98. Describe Fig 50, and show how it illustrates the elasticity of
air. What will io:o\u bodies give out in an exhausted reciver ?
will warm water be affected 1
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tred, the water will be forced up the phial again,
ud the air will be reduced to its original bubble. If
e place any porous substance, as a piece of brick, or
crust of bread, in a tumbler, and fill the tumbler
ith water, (attaching a small weight to the bread to
ep it under) we shall see in like manner, an unex-
cted amount of air extricated when we place it under
e receiver, and remove the atmospheric pressure
xm it, 80 as to permit it to assume the elastic state.
iquids boil at a much lower temperature than usual,
hen the pressure of the atmosphere is removed from
em. Thus, if we take a tumbler half full of water,
» more than blood warm, set it under the receiver,
d exhaust the air, it will boil violently.

99. Air is the medium of combustion, of respiration,
ud of sound. If we place a lighted candle under the
«ceiver of an air-pump, and exhaust the air, the light
ill immediately go out, showing that bodies cannot
mn without the presence of air. Nor without this
in animals breathe. A small bird placed beneath the
iceiver, will cease to breathe as soon as the air is
chausted. If a bell, also, is made to ring under a
sceiver, the sound will grow fainter and fainter as
1e air is withdrawn, and finally be scarcely heard at
. The buoyancy of air, like that of water, enables
to support light bodies. In a vacuum, the heaviest
od lightest bodies descend to the earth with the same
elocity. If we suspend a guinea and a feather from
1e top of a tall receiver, exhaust the air, and let them
il at the same instant, the feather will keep pace
rith the guinea, and reach the plate of the pump at
le same instant. :

100. Tue CoNDENSER. A piston and cylinder may
© 80 contrived as to pump air into a vessel instead of

99. How may we show that air is essential to combustion? Also to
fs1 Also-tosound? Describe the guineaand feather experisnant.
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pumping it out. Figure 51 represents a
syringe, screwed to a box partly filled w
When the piston is drawn up to the top, at
fice E in the side, the air r

Fig. 51. which on depressing the

. driven forward into the bo>

valve, V, which opens in
closes outwards, and prev.
turn of the air. By repeat
the piston, more and more ¢
into the box, constantly
the pressure on the surf
water. D is a tube openi
sing by a stop cock, havin
end in the water. Wher
strongly condensed, on o
stop-cock, the water issu
tube with violence. S
Fountains are construct:
principle. A great quan
bonic acid, or fixed air, is
a strong metallic vessel,
a solution of soda, and t
subjected to a powerful pressure. A tub
this vessel to the counter where the liqu
drawn, which issues with violence, as sc
is given to it, and foams, in consequeace
bonic acid expanding by the removal of t]
by which it had been confined. The con
ployed for this purpose, is called a forcing
differs from the condensing syringe, rep
figure 51, chiefly in being worked by a l¢
ed to the piston, instead of the naked hand

_———— e e e — e e o

100. Describe the Condenser from Fig. 51. Howisa
the box?  Explain the principle of soda water fountains
forcing pump 'f
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Fig. 52.
A A
P
B B ~

01. The Fire Engine throws water by means of -
forcing pumps, one on each side, which are work-
by the fire-men. T represents the hose, or leath-
pipe, which leads off to some well or cistern of
ter, whence the supply is drawn. F is the work-
beam, to each end of which is' attached a piston
ving in the cylinder A B. Suppose, at the com-
acement of the process, the left hand pistofi is
m close to the valve V ; as it rises, the water fol-
8 it from the hose, lifting the valve V, and enter-
P B below the piston. When the piston descends,
‘orces the water through a valve into the air-
sel, M. As the water is thrown in by successive
cents of” the®piston; it rises in M, and,condenses
air of the vessel into a 3mall 8 t . A
ond hose, F, dips into the water, tef atls in
farther end 4 a pipe, which the firemam directs

1. Describe the fire-engine fromi¥ig. 52. hy is the air-vessel
? Use of air-springs and air bedng :

0 ‘% .
«®,. ¢« B
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upon any required point, sending the water,ins
tinual stream. The stream might indeed be pr
ed directly by the action of the pistons, withoi
intervention of the compressed air in M ; bt it
case it would go by jerks ; whereas, the elastic
the confined air acts as a uniform force, and 1
the water flow outin a continual stream. Air-sp
acting on the same principle, are sometimes att
to coaehes, and are said to opetl&fvell. Bed:
been filled by inflating them with dir instead of
ers, and have the advantage of being always ma

Skc. 2. Of Steam and its Properties.

102. Steam, or the elastic fluid which is pro
by heating water, owes its mechanical efficacy
power of suddenly acquiring by heat, a powerfu
ticity, and then losing it as suddenly, by co
the former case, expanding rapidly, and ex
every thing else from the space it occupies; a
the latter case, shrinking instantly to its origi
mensions in the state of water, and thus forming
cuum. By this means, an alternate motion is
to a piston, which being communicated to mach
supplies a force capable of performing every :
labor, and being easily endued with any requir
gree of energy, is at once the most efficient an
most manageable of all the forces of nature.
if steam be admitted below the piston, in figu
when its force accumulates sufficiently to ove
the resjstance of the pistdn, itraisesjt; and if:
beTet ingfove the piston,it depresses it. Wh.
piéﬁn% iffay be made to turn a cranl

round, ai&he other hall when it jalls, and t

102. To what two propcrﬁes oes steam owe its meb};li-ca
cy? To what is the gotion firsfecommnunicated, and how trai
to machinery ? (ShoW how !h“@w“'\s ised and degressed.

. . | W

e o Q-

.
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nain wheel may be made to revolve, from which mo-
ion may be conveyed to all sorts of machinery. The
legree of force which steam exerts, depends on the
emperature and density conjointly. If we put a
spoonful of water into a convenient vessel, as an oil-
Yask, and place it over the fire, the water will soon
»e turned into elastic vapor, which will drive out the
Air and fill the engsmacapacity of the vessel. As soon
cork the flask and again set it
steam will increase in ‘elastic
power, just ¥ of air would do, which is only at
a moderate raf® and it might be heated red hot with-
out exerting any violent force. If we now unstop the
flask and fill it one third full of water, and again place
it on the fire, and stop it close when it is boiling free-
Yy, then successive portions of water will be constant-
ly passing into vapor, and, of course, the steam in the
upper part of the vessel will be constantly growing
more and more dense. It is important to remember,
therefore, that when steam is heated by itself, and
not in contact with water, its elasticity increases
slowly, and never becomes very great; but when it
is heated in a close vessel containing water, which
makes to it constant additions of vapor, thus increas-
ing its density, it rapidly acquires elastic force, and
the faster the longer the heat is continued, so as
shortly to reach an energy which nothing can resist.
Such an accumulation of force sometimes takes place
by accident in a steam boiler, and produces, as is
well known, terrible explosigns. .

103. If the faregoing principles are well under-
siood, it will be easy to learn the construction and
operation of the Steam Engine.- For the sake of sim-
Plicity, we will leave opt:iumerous appendages which

“hat daes the degree of force dgpqn .r‘;lT'TE.x riment with a flask of¥
‘e‘mwit.hmdwnhoutwater.. - . pe o fesk 0

'R

*one
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usually accompany this apparatus, but are 1
tial to the main principle. In figure 53, A1

Fig. 53.

the doiler, C the cylinder, in which the piston
L the condenser, and M the atr-pump. B is
pipe, branching into two arms, communic
pectively with the top and bottom of the cyl
K is the eduction-pipe, formed of the two
which proceed from the top and bottom of
der on the other side, and communicate be
cylinder and the condenser, which is imm
well or cistern of cold water. Each bra
pipe has its own valve as F, G, P, Q, whi
opened or closed as occasion requires. R

valve, closed by a plate, which is held d
weight attached to a lever, and sliding on
to increase or diminish the force at pleasur

103. Describe Figure 53. -
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force of the steam exceeds this, it will lift the
‘e and escape, thus preventing the danger of ex-
ion.
04. Suppose, first, that all the valves are open,
that steam is issuing freely from the boiler. It is
y to see, that the steam would circulate freely
mugh all parts of the engine, expelling the air
ch would escape through the valve in the piston of -
air-pump, and thus the interior spaces would be
filled with steam. This process is called blowing
it is heard when a steam-boat is about leaving
wharf. Next the valves, F and Q, are closed, G
P remaining open. The steam now pressing on
cylinder, torces it down, and the instant when it
ins to descend, the stop-cock O is opened, through
ch cold water meets the steam as it rushes from
cylinder and condenses it, leaving no force below
piston to oppose its descent. Lastly, G and P
1g closed, F and Q are opened, the steam flows
rom the boiler below the piston, and rushes from
ve into the condenser, by which means the piston
forced up again with the same power as that by
ch it descended. Meanwhile, the air-pump is
7ing, and removing the water and air from the con-
ser, and pouring the water into a reservoir, whence
i conveyed to the boiler to renew the same circuit.
05. In High Pressure engines, the steam is not
densed, but discharges itself directly into the at-
iphere. The pltfp‘ing heard in locomotives, arises
1 this cause. High pressure engines are those in.
ch steam of great density, and high elastic power,
sed. By this means, a more concentrated force
roduced, and the engine may be smaller and more

4. 8how how the engine is seta going, and kept at work.
5. What becomes of the steam in high pressure engines 7 Whence
8 the heard in locomotives ? &ha: are high pressure en-
87 What are their advantages over low preseure engines\

10
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compact; but unless it is made proportionally .
er, it is more liable to explode, and when it gk ves
it explodes with great violence.

. CHAPTER V.

METEOROLOGY.

GENERAL OBJECTS OF THE SCIENCE—EXTENT, DENSITY AND
PERATURE OF THE ATMOSPHERE—ITS RELATIONS TO WAl
RELATIONS TO HEAT—RELATIONS TO FIERY METEORS.

106. METEOROLOGY is that branch of Natural
losophy whick treats of the Atmosphere. In P
matics, we learn the properties of elastic fluid
general, on a small scale, and by experiment r:
than by observation ; but in Meteorology, we ex
our views to one of the great departments of na
and we reason, from the known properties of air
vapor, upon the phenomena and laws of the entire'
of the air, or the atmosphere. Meteorology 1
us to consider, first, the description of the atmosp
itself, including its extent, condition at diffi
heights, and the several elements that compose
secondly, the relations of the atmosphere to wate:
cluding the manner in which vapor is raised intc
atmosphere, the mode in which it exists there,
the various ways in which it is precipitated in the
of dew, fog, clouds, rain, snow and hail ; thirdly,
deations of the atmosphere to keat, embracing
motions of the atmosphere as exhibited on a &
scale, in artificial draughts and ventilation; an
a large scale, in winds, hurricanes, and tornad

106. Define Meteorology. How &\s&in?ished from Pneums
What different subjects does Meteorology \ead us to consider 2
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finally, in the relations of the atmosphere to flery me-
teors, as thunder and lightning, aurora borealis, and
shooting stars.

Sec. 1. Of the Eaxtent, Density, and Temperature
of the Atmosphere.

107. The atmosphere is a thin transparent veil,; en-
veloping the earth, and extending to an uncertain
height, but probably not less than one hundred miles
above it. Since air is elastic, and the lower portions
next to the earth sustain the weight of the whole body
of air above them, they are compressed by the load,
as air would be under any other weight. As we as-
cend above the earth, the air grows thinner and thin-
ner very fast, so that if we could rise to the height of
seven miles in a balloon, we should find the air four
times as rare there as at the surface of the earth. The
air is, indeed, much more rare on the tops of high
mountains than at the level of the sea ; and at a height
much greater than that of the highest mountains on
the globe, man could not breathe, nor birds fly. 'The
upper regions of the atmosphere are also very cold.
As we ascend high mountains, even in the torrid zone,
the cold increases, until we finally reach a point
where water freezes. This is called the term of con-
gelation. At the equator, it is about three miles high ;
but in the latitude of 40, it is less than two miles,
and in the latitude of 80, it is only one hundred
and twenty feet high. Above the term of congela-
tion, the cold continues to increase till it becomes
exceedingly intense. The clouds generally float be-
low the term of congelation. Mountains, when very
bigh, are usually covered with snow all the year

107. Give a general description of the atmosphere, asto its height—
dnsity at different hefifht.s—-.cold of the upper regions—whel 18 \ne
\rm of congelation 7 How high at the equator ? At 408 and @\
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ound. even in the warmest coutttied, merely
ey are above this boundary. ' o

Skc. 2. Of the Relations of the
Water.

108. Besides common air, the atmosphere al
contains more or less watery vlsor, s minuts
of fixed air, or carbonic acid, and various ei
which are generally too subtile to be tollected
separate state. By the heat of the sun, the
on the surface of the earth are daily sending
atmosphere vast quantities of watery vipor,
rises not only from seas and lakes, but even
land, wherever there is any moisture. The vapor
raised, either mixes with the air and remains i
ble, or it rises to the higher and colder tegions,
is condensed into clouds. Sometimes accid
causes operate to cool it near the surface of the ¢
and then it forms fogs. It returns to the earth §
forms of dew, and rain, and snow, and hail.

109. Dew does not fall from the sky, but is dr
ed from the air on cold surfaces, just as the
moisture is, which we observe on a tumbler «
water in a sultry day. Here, the air coming
tact with a surface colder than itself, has a p/
the invisible vapor contained in it conder
water. In the same manner, on clear and sti
which are peculiarly favorable to the fon
dew, the ground becomes colder than the a’
latter circulating over it, deposits on it 1
things near it, a portion of its moisture.
not form on all substances alike that are «

108. What other elastic fluids besides air does the ¢
tain? . Whence is the watery vapor derived? What'
109. Howis dew formed? Does dew formonall:
What receive themost 7 What receive none
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Pposed to it. Some substances on the surface of the
earth, are found to grow colder than others, and these
Teceive the greatest deposit of dew. Deep water, as
that of the ocean, does not grow at all colder in a sin-
&le night, and therefore receives no dew ; and the
maked skins of animals, being warmer than the air,
Xeceive none ; although the moisture which is con-
stantly exhaled from the animal system itself, as soon
as it comes into contact with the colder air that sur-
xounds the person, may be condensed, and moisten
the skin or the clothes in such a way as to give the
®appearance of dew. In this manner, also, frost
¢which is nothing more than frozen dew,) collects, in
cold weather, on the bodies of domestic animals. By
a beautiful provision of Providence, dew is always
guided with a frugal hand to those objects which are
most benefited by it. Green vegetables receive much
mote than naked sand equally exposed, and none is
squandered on the ocean.
110. Rain is formed in the atmosphere at some
distance above the earth, where warm air becomes
cooled. If it is only cooled a few degrees, the mois-
ture may merely be condensed into cloud ; but if the
cooling is greater, rain may result; and when a hot
portion of air, containing, as such air does, a great
quantity of watery vapor in the invisible state, is
suddenly cooled by any cause, the rain is more abun-
dant, or even violent. In such cases, it may have
" been cooled by meeting with a portion of colder air,
u when a warm south-westerly wind meets a cold
northwester, or by rising into the upper regions near
- the term of congelation. In some parts of the earth,
?‘. uin Egypt, and in a part of Chili and Peru, it sel-

 dom or never rains, for there the winds usually blow

:.‘.

110, Where is rain formed, and how ? ‘When is the precipitation
5 iteformofcloud? Whenofrain? When is the rain icles\t \n

y
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steadily in one direction, and encounter none of thos
mixtures with colder air which form rain. In som
other countries, as the north-eastern part of
America, the rains are excessive; and in others,
most tropical countries, the rains are periodical, bei
very copious at particular periods called the rain
seasons, while little or none falls during the other
of the year. FT
111, Snow is formed from vapor crystallized b
cold instead of uniting in drops. By this means iti
converted into a light downy substance, which fall
gently upon the earth, and forms a covering that cos
fines the heat of the earth, and furnishes an admirabl
defence of the vegetable kingdom, during winter, in s
vere climates. In cold climates, flakes of snow consis
of regular crystals, presenting many curious figures
which, when closely inspected, appear very beaut
ful. Nearly a hundred distinct forms of these
have been particularly described by voyagers in th
polar seas, a specimen of which, as they appear und
the magnifier, are exhibited in the following diagras

Fig. 54.

ok A

When a body of hot air becomes suddenl
intensely cooled, the watery vapor is frozer
forms hail. The most violent hailstorms are
by whirlwinds, which carry up bodies of hot
beyond the term of congelation, where the d

what different ways is the hot air cooled? Where does it n¢

‘Why? Where are the rains excessive ! Where periodice
111. Snow, how formed? What purpose does it serve *
manner does it crystalize, and in how many different form'
i+ hail formed 7 How are the moat viclent hail storms forme
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rain are frozen into hailstones, and these being sus-
tained for sometime by the upward force of the whirl-
wind, accumulate occasionally to a very large size.
Hailstorms are chiefly confined to the temperate zones,
and seldom occur either in the torrid or the frigid
zone. In the equatorial regions, the term of congela-
tion is so high, that the hot air of the surface, if rais-
ed by a whirlwind, would seldom rise beyond it ; and
in the polar regions, the air does not become so hot
as is required to form a hailstorm.

SEc. 3. ,Of the Relations of the Atmosphere to
Heat.

112. Tt is chiefly by the agency of heat, that air is
put in motion. If a portion of air is heated more than
the surrounding portions, it becomes lighter, rises, and
the surrounding air flows in to restore the equilibrium ;
or if one part be cooled more than another, it contracts
in volume, becomes heavier, and flows off on all sides
until the equilibrium is restored. Thus the air is set
in motion by every change of temperature; and as
such changes are constantly taking place, in greater
or less degrees, the atmosphere is seldom at rest at
any one place, and never throughout any great extent.
The most familiar example we have of the effects of
heat in setting air in motion, is in the draught of a

™ chimney. When we kindle a fire in a fire-place, or
stove, it rarefies the air of the chimney, and the denser
air from without rushes in to supply the equilibrium,
carrying the smoke along with it. Smoke, when cool-
ed, is heavier than air, and tends to descend, and does

hail stones acquire so large a size ! To what regions are hail storms
chieﬂy‘I confined ? Why do they not occur in the torrid and frigid
zones .
».‘ 112. B‘Lwlmt agent is air put in motion? Describe the process.
How is the draught of a chimney caused? Why does smoke ascend\

b
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descend unless borne up by a current of heated air.
hot current of air in a chimney, is cooled much m
rapidly when the materials of the chimney are da
than when they are dry, and therefore it will cool mt
.faster in a wet than in a dry atmosphere. Hen
chimneys are apt to smoke in wet weather. It is
sential toa good draught, that the inside of a chimr
should be smooth, for air meets with great resistai
in passing over rough surfaces. Burning a chimr
improves the draught, principally by lesseningghe fi
tion occasioned by the soot. In stoves for burni
anthracite coal, it is important to the drayght, that
air should get into the chimney except what g
through the fire. On account of the great resistac
which a thick mass of anthracite opposes to air, ¢
will not work its way through the coal if it can ;
into the chimney by ahy easier route. Hence 1
pipes which conduct the heated air from a stove
the chimney, should be close, especially the jo
where the pipe enters the chimney; and care sho
be taken, that there should be no open ﬁre-place,‘
other means of communication, between the exten
air and the flue with which the stove is connected.

113. It is important to health, that the apartments
a dwelling-house should be well ventilated. This is
pecially the case with crowded rooms, such as chur
es and school-houses. Of the method of ventilati
churches, a beautiful specimen is afforded in the Ci
ter Church, in New Haven. In the middle of t
ceiling, over the body of the church, is an openi
through the plastering, which presents to the e
nothing but a large circular ornament in stucco. Oz
this, in the garret of the building, a circular enclost

Why do chimnevs smoke in wet weather 7 Why should a chimn

he smooth 7 Why docs burning a chimney improve the draugl

‘What precautions are necessary in burning anthracite coal, in orde:
securs 8 good draught?
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>f wood is constructed, on the top of which is built
a larlse wooden chimney, leading off, at a small rise,
to the end of the building, where it enters the steeple.
An upper window of the steeple being open, in warm
weather, the current sets upward from the church into
the chimney, and thence into the tower, and com-
letely ventilates the apartment below. A door, so
glmg as to be easily raised or lowered by a string,
leading to a convenient place at the entrance of the
church, can be opened or closed at pleasure. In cold
‘weather, it will generally be found expedient to keep
it closed, to cut off cold air, opening it only occasionally.
A school-house may easily be ventilated by a similar
contrivance connected with a belfry over the center,
as is done in several sehool-houses recently built in
WNew England.
114. Nature, however, produces movements of the
atmosphere on a far grander scale, in the form of
Winds. These are exhibited in the various forms of
breezes, high winds, hurricanes, gales, and tornadoes ;
“varieties depending chiefly on the different velocities
with which the wind blows. A velocity of twclve
miles an hour, makes a strong breeze ; sixty miles, a
high wind ; one hundred miles, a hurricane.  In some
exireme cases, the velocity has been estimated as high
as three hundred miles an hour. The force of the
aind is proportioned to the square of the velocity; a
speed ten times as great, increases the force a hun-
dred times. Hence, the power of violent gales is
irresistible. Air, when set in motion, either on a small
or on a great scale, has a strong tendency to a whirl-
ing motion, and seldom moves forward in a straight
line. The great gales of the ocean, and the small

‘Lll3. Ven‘t‘ilation i: what cases is it important ? How effected in
hes—how in sche . I
114. Specify the different varieties of winds. State fa. ) vtlochg of
Abreeze—of a high wind—of a hurricane. How is the force of a wynd
" Mroportioned to the velocity 7 Tendency of air to a whirlingmoton.

~
-
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tornadoes of the land, often, if not always, exhi
more or less of a rotary motion, and sometimes apest
to spin like a top around a perpendicular axis, at
same time that they advance forward in some
circuit.

115. METEOROLOGICAL INSTRUMENTS. The pris'
cipal of these are the Thermometer, the Barometet,
and the Rain Gage. The principle, construction, aud
uses of the Barometer, have already been pointed ouk,
(Arts. 96 and 97.) Since it informs us of the changes
that take place in the weight and pressure of the &
mosphere, at any given place, on which depend mos
of the changes of weather, it becomes of great aid ia
the study of Meteorology, and has, in fact, led to the
knowledge of most of the laws of atmospheric phe
nomena hitherto established. We should, in pur
chasing, be careful to select an instrument of |
workmanship, for no other is worthy of confidenosi
‘We should suspend it in some place where there iss
free circulation of air—as in an open hall, having &
outside door—and we should take the exact height of
the mercury at the times directed below for recording
the thermometrical observations. In case the barom
eter is falling or rising with unusual rapidity, obseryel
tions should be recorded every hour, or even o
as such observations afford valuable means of ¢
parison of the states of the atmosphere at differesl

laces.

116. The Thermometer is an instrument used
measuring variations of temperature by its effects
the height of a column of fluid. As heat expands
cold contracts all bodies, the amount of expansion of
contraction ip any given case, is made a criterion

115. What are the three leading meteorological instruments? Gl:
value of theybarometer. Rules for selecting a barometer and for o
serving. . y

116. For what is the thermometer used? What shows the changl
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hange of temperature. Fahrenheit's thermome-
1e one in common use, consists of a small glass
called the stem, with a bulb at one end, and a
at the side. The bulb and a certain part of the
wre filled with mercury. The scale is divided
sgrees and aliquot parts of a degree. If we dip
ermometer into boiling water, the mercury will
d and rise in the stem to a certain height, and
remain stationary. We will, therefore, mark
»int on the stem, and then transfer the thermom-
1a vessel where water is freezing. The mer-
1w descends to a certain level, and remains
stationary, as before. We mark this point, and
18 obtain the two most important fixed points on
ale, namely, the freezing and boiling points of

We will now apply the scale, and transfer
marks from the stem to the scale, and divide the
" the scale between them into 180 equal parts,
ning the same divisions below the freezing point
rees, where we make the zero point, and there
the graduation from 0 to 32, the freezing point,
~on 180 degrees more, to 212, the boiling point.
1 best times for making and recording observa-
are when the mercury is lowest, which occurs
sun-rise, and when it is highest, which is near
'clock in winter, and three in summer. The
" these observations, divided by two, gives the
e, or mean, for the twenty-four hours; the sum
daily means for the days of a month, give the
for that month; and the monthly averages, divi-
" twelve, give the annual mean. By such ob-
ons, any one may determine the temperature of
ice where he resides.

srature ? Describe Fahrenheit's thermometer. How do we
1 the boiling and freezing Jmints of water { Into how many
is the space between them dividled? Where is the zero point,
rhat d are the freezing and boiling points ? How to find
r, monthly, and annual means ?
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ll7._‘ha climate of the United Sta
riable, and the apnual range of the 1

ater than in most other countries.
140°, extending from 40° below zero, (t
—40°,) to 100° above. In the souther
England, the mercury seldom rises al
deacends but a few times jn the wint
From 70° to 80° is a moderate summer k
the equatorial regions of the earth a
hotter than places either north or soutl
seen that the temperature of a place de
ous other circumstances as well as o
(Arts. 82 and 107.)

118. The Rain Gage is
employed for ascertaining
water that falls from the sk
forms of rain, snow, and h
plest form is a tall tin cylin
nel-shaped top, having a §
tube communicating with
rising on the side. The v
at the same level in the t1
cylinder, and the divisions.
be sueh as to indicate mir
s determine the depth of r:
the area of the funnel, suppose a squa:
the rain is over, the water may be rem
of the stop-cock, and the apparatus wi
a new observation. It is useful to kn
of rain that falls annually at any given
in reference to a knowledge of the cl
for many practical purposes to which w

117. What is said of the climate of the United St
annual of the thermometer? In New En

? is a moderate summer heat ?
118. Whatisthe Rain Gage? Explain the si

to find the amount of rain fallen ? Why is it 1
amount of rainthat falla




y
NETEOROLOOY. !’ ‘
]

veding canals, turning machinery, #E frrigs-
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s g onal] sides of it, a little so
zenith, ®lled, rona. 'The aurora t
equally prev all ages, but has part
of visitation, ‘intervals of many
more prevalent in the autumnal months 1
parts of the year, and usually is most s
earlier parts of the night, frequently kin
great splendor about 11 o’clock. From
inclusive, was a remarkable period of a
cause of this phenomenon is not knowr
erroneously ascribed to electricity, or ms
it is probably derived from matter found
etary spaces, with which the earth falls
revolving around the sun.

121. Shooting Stars are fire-balls wt
the sky, appeaxing suddenly, moving w
velocity, and as suddenly disappearin
leaving after them a long train of ligh
occasionally observed in great numbers,
are called Meteoric Showers. ‘T'wo peric
are particularly remarkable for these dis'
the 9th or 10th of August, and the 1:
November. The most celebrated of t
occurred on the morning of the 13th
1833, when meteors of various sizes
of splendor, descended with such
to give the impression that the stars w
from the firmament. The exhibition
equally brilliant in all parts of North
lasted from about 11 o’clock in the eveni
This phenomenon began to appear in
the world, as early as November, 1830,

L4
varieties. Is it equally prevalent in all ages? Wh
ble period ? Isits cause known ? To what has itt
what part of the year is it most frequent ?

121. What are shooting stars?  What two peric
remarkable for their occurrence?l When dud the
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r at the same period of the year, every yéar,
}, when it reached its greatest height, [t
ated on a smallcr scale, every year, until
se which time nothing remarkable has

at this period. The meteoric shower of
ill (1843) continues. Meteoric showers ap-
rise from portions of a body resembling
hich revolves about the sun, and sometimes
near the earth that portions of it are attracted
the earth, and are set on ﬁre.u they pass
1e atmosphere.

CHAPTER VL.

ACOUSTICS.

MOTION—VERLOCITY OF SOUND—REFVLEXINX OF SOUND—
ICAL S8OUNDS—ACOUSTIC TUBES—9ZRTHOSCOVE.

.cousTIcs (a term derived from a Greek word
mifies to hear,) is that branck of Natural Phi-
hich treats of sound. Sound is produced by
ions of the particles of a sounding body.
brations are communicated to the air, and
the ear, which is furnished with a cuxious
specially adapted to receive them and con-
.to the brain, and thus is excited the sen~ :+
hearing. Vibration consists in a motion
rticles of a body, backwards and forwards,
n exceedingly minute space. The particles
sontact with the body, receive a correspond-
n, each particle impels on® before it, and re-

r? Descrive this shower. Whence do meteoric showers

18 Acoustics. How is sound produced? In what does
aist I Dues it imply a progressive motion?t Whak Ww-
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bounds; and thus the motion is propagated from parti-
cle to particle, from the sounding body to the ear.,
Such a vibratory motion of the medium, does not im-
¢ Ply any current or progressive motion in the medium
itself, but each particle recovers its original situation
when the impulse that produced its vibration ceases.
Elastic bodies being most susceptible of this vibratory
motion, are those which are usually concerned in the
production of sound. Such are thin pieces of board,
as in the violin ; a steel spring, as in the Jewsharp;s
glass vessel, Srlnd cords closely stretched ; or a colum
of confined air, as in wind instruments. If we stretch
a fine string between two fixed points, and draw it out
of a straight line to A, and then let it go, it will pro- |
ceed to nearly the same distance on the other side, 0

Fig. 56.

E, whence it will return to B, and thus continue to
vibrate through smaller and smaller spaces, until it
comes to a state of rest. When we throw a stwne
upon a smooth surface of water, a circle is raised im-
mediately around the stone ; that raises another circle
next to it, and this another beyond it, and thus the
original impulse is transmitted on every side. This
example may give some idea of the manner in which
sound is propagated through the air in all directions
from the sounding body.

dies are most susceptible of vibration! Give examples. Describe
Fig.56. What takes place when a stone is thrown on water? -
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23. Although air is the usual medium of sound,
it is not the only medium. Solids and liquids,
n they form a direct communication between the
iding body and the ear, conduct sound far better
i air. When a tea-kettle is near boiling, if we
y one end of an iron poker to the kettle, and put
other end to the ear, we may perceive when the
er begins to boil, long before it gives the usual
s. If we attach a string to the head of a fire-shovel,
winding the ends around the fore fingers of both
1s, apply them to the ears, and then ding the shovel
nst an andiron, or any similar object, a sound
be heard like that of a heavy bell. The ticking
. watch may be heard at the remote end of a long
, or beam, when the ear is applied to the other
; and if the watch is let down 1nto water, its beats
distinctly heard by an ear placed at the surface.
a1l struck beneath the water of a lake, has been
d at the distance of nine miles. Air is a better
luctor of sound when moist than when dry. Thus,
hear a distant bell or a water-fall with unusual
nctness just before a rain, and better by night than
lay. Air conducts sound better when condensed,
worse when rarefied. On the tops of some of the
. mountains of the Alps, where the air is mnch
fied, the sound of a pistol is like that of a pop-gun.
24. The velocity of sound in air is 1130 feet in a
nd, or a little more than a mile in five seconds.
this principle, we may estimate the distance of a
der cloud, by the interval between the flash and
report. For example, an interval of five seconds,
8 1130 X5=5650 feet, or a little more than a
. A feeble sound moves just as fast as a loud

.. Is air the only medium of sound? Conducting power of solids -
quids? Experiment with a tea-kettle—with a fire-shovel—with
ch.  Conducting power of moist air 7—Of rarefied air ?

t. Velocity of sound. How to estimate the distance of a thunder

11*
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one. Its velocity is not altered by a high wind in a
direction at right angles to the course of the wind;
but in the same direction, the comparatively small
velocity of the wind is to be added, and in the oppo-
site direction to be subtracted. 1n water, the velocity
of sound is about four times as great as in air, being
4709 feet per second ; and in cast iron its velocity is
more than ten times as great as in air, being no less
than 11,895 feet per second.

125. Sound is capable of being reflected, and is thus
sometimes returned to the ear, forming an echo. Thus,
the sound of the human voice is sometimes retuyned
to the speaker, or other persons near him, in a repeti-
tion usually somewhat feebler than the original sound;
but it may be louder than that, if several reflected
waves are unitedly conveyed to the ear. When om
stands in the centre of a hollow sphere or dome, ne k
merous waves being reflected from the concave sur |
face so as to meet in the centre, a sound originally
feeble becomes so augmented as to be astounding. A
cannon discharged among hills or mountains, reverbe- |
rates in consequence of the repeated reflexions of the §,
sound. .

126. A sound becomes musical when the vibrations }.
are performed with a certain degree of frequency.
‘The slow flapping of the wings of a domestic fowl has ], -
nothing musical ; but the rapid vibration of the wings
of a humming bird, produces a pleasant note. The
slow falling of trees before a high wind, is attended
with a disagreeable crash; the rapid prostration of the
trees of a forest by a tornado, with a sublime roar.
A string stretched between two points, and made 0

a rr oWt

cloud ? Velocity of a feeble sound—effect of a high wind ?  Velocity
of sound in water ?
125. Echo, how produced—when louder than the original sound!
Effect of a dome—of a cannon among hills
_426. How a sound becomes musical 7—examples in the wings of
in falling troes—in 2 vibratingstring. Yow does wereasing the




ne grows melodices. The strings of a vinlia
ifferent sounds in consequence of affording vi-
18 more or less rapid. The larger strings, hav-
rwer vibrations, afiford graver notes. The screws
1 us 10 alter the degree of teasion, and thus to
se or diminish the number of vibrations at plea-
and by applving the fingers to the strings, we
iorten them more or less, producing sounds more
s acute, by increasing the number of vibrations
iven time. In wind instruments, as the ﬂnlo,
srating body which produces the musical tone is
lumm of air included within. This, by the im-
glven by the mouth, is made to vibrate with the
ite frequency, which is varied by opening or
g the stops with the fingers. The shorter the
n, the more rapid is the vibration, and the more
the sound ; and the length of the vibrating col-
; determined by the place of the stop that is open-
> higher stops giving sharper sounds because the
.ng columns are shorter. The pipes of an organ
on a similar principle, the wind being supplied
rellows instead of the breath. In certain instru-
, as the clarinet and the hautboy, the vibrations
st communicated from the lips of the performer
=ed and from that to the column of air.

. Sounds differing from each other by certain
als, constitute musical notes. The singing of
affords sweet sounds but no music, being uttered
uously and not at intervals. Man only, among
Is, has the power of uttermg sounds in this man-

the size, or the length of the stnng. aﬂ'ect the pltch‘! Lx
o the violin. What produces the musical tone in wind instru-
Why does opening or closing the stops, alter the pitch?
1 the use of a reed.
What sounds constitute musical notes ? is not the sing;
irds music ? Why is man alone capa.b\o of uvering wasen\
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ner; and his voice alone, therefore, is endued wi
the power of music. . Music becomes a branch -
mathematical science, in consequence of the relatic
between musical notes, and the number of vibratio
that produce them respectively. Although we cann
say that one sound is larger than another, yet we ci
say that the vibrations necessary to produce one sour
are twice or thrice, or any number of times, more fr
quent than those of another; and the number of vibn
tions necessary to produce one note has a fixed rat
to the number which produces another note. Tha
if we diminish the length of a musical string one hal
we double the number of vibrations in a given tim
and it gives a sound eight notes higher in the scal
than that given by the whole string, and is called 1
octave. Hence, these sounds are said to be_to eac
other in the ratio of 2 to 1, because this is the ratio:
the numbers of vibrations which produce them.
succession of single musical sounds constitute melod,
the combination of such sounds, at proper interv
forms chords; and a succession of chords, produc
tarmony. Two notes formed by an equal number:
vibrations in a given time, and of course, giving tt
same sound, are said to be in unison. The relatic
between a note and its octave is, next after that of t
unison, the most perfect in nature ; and when the tw
notes are sounded at the same time, they almost e
tirely unite. Chords are produced by frequent coinc
dences of vibration, while in discords such coinc
dences are more rare. Thus, in the unison, the v
brations are exactly coincident; in the octave, the tw
coincide at the end of every vibration of the long
string, the shorter meanwhile performing just tw
vibrations ; but in the second, the vibrations of the tw

sounds? How does music become a branch of mathematical science
Example in a musical string. Define melody, chords, harmony, us
son. How are chords produced? How discords ?
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rings coincide only after eight of one string and nine
! the other, and the result is a harsh discord.

128. When an impulse is given to air contained in
n open tube, the vibrations coalesce, and are propa-
ated farther than when similar impulses are made
f the open air. Hence the increase of sound effect-
d by horns and trumpets, and especially by the speak-
1§ trumpet. Alexander the Great is said to have
d a horn, by means of which he could give orders
'his whole army at once. Acoustic Tubes are em-
oyed for communicating between different parts of
large establishment, as a hotel, or manufactory, by
s aid of which, whatever is spoken at one extremity is
ard distinctly at the other, however remote. They
2 usually made of tin, being trumpet-shaped at each
d. They act on the same principle as the speaking
mpet. The Stethoscope is an instrument used by
ysicians, to detect and examine diseases of the lungs
d the heart. It consists of a small pipe of wood or
iry with a funnel-shaped mouth, one of which is ap-
ed firmly to the part affected and the other to the
r. By this means the processes that are going on

the organs of respiration, and in the large blood
ssels about the heart, may be distinctly heard.

28. Explain the effect of horns and trumpets. Use of Acoustic
bes. how made? Explain the construction and use of the Stetho-
pe.
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CHAPTER VIL
ELECTRICITY.*

DEFINITIONS—CONDUCTORS AND NON-CONDUCTORS—A
AND REPULSIONS—ELECTRICAL MACHINES—LEYDEN
TRICAL LIGHT AND HEAT—THUNDER STORMS~—LIGH
~—EFFECTS OF ELECTRICITY ON ANIMALS.

129. More than two thousand years a
phrastus, a Greek naturalist, wrote of a sukt
call amber, which, when rubbed, has the
attracting light bodies. The Greek name
was electron, (n7hsx7gov,) whence the scienc
nominated eLEcTrICITY. The inconsideral
ment mentioned by Theophrastus, was nea:
the ancients knew of this mysterious age:
two or three centuries past, new properties
successively discovered, and new modes o
lating it devised, until it has become one o
important and interesting departments of 1
ence. It is common to call this power, v
is, the electric fluid, although it is of toc
nature for us to show it, as we do air, and
it possesses the properties of ordinary matte
it is more like an elastic fluid of extreme r
like any thing else we are acquainted with
venient to denominate it a fluid, although we
little of its nature.

130. Some bodies permit the electric flu
freely through them, and are hence called ¢
others hardly permit it to pass through them

*The experiments i this chapter ave so simple, and require
ratus, that it is hoped the learner will generaliy have the adv
nessing them, which will add much 1uore than mere descrij
provement and gratification.

129. Explain the name electricity. What did the anci
this science 7 §ts progress within two hundred years?
tricity called a fluid ¢ .

130. Define conductors and non-conducwrs. Giwe
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erefore called non-conductors. Metals are the
mductors ; next, water and all moist substances;
xt, the bodies of animals. Glass, resinous sub-
s, as amber, varnish, and sealing wax ; air, silk,
cotton, hair, and feathers, are non-conductors.
. stones, and earth, hold an intermediate place :
ire bad conductors when dry, but much better
moist; and air itself has its non-conducting
greatly impaired by the presence of moisture.
icity is excited by friction. If I rub the side of
glass tumbler, or a lamp chimney, on my coat
, the electricity excited will manifest itself by
ing such light substances as bits of paper, cot-
down. A stick of sealing-wax, when rubbed,
ts similar effects. When an electrified body is
ted by non-conductors so that its electricity can-
cape, it is said to be insulated. Thus, a lock of
suspended by a silk thread is insulated, because
stricity be imparted to the cotton, it remains,
it cannot make its escape either through the
, or through the air, both being non-conductors.
1s ball supported by a pillar of glass is insulated ;
1en supported on a pillar of iron or any other
it is uninsulated, since the electricity does not
1 in the ball but readily makes its escape through
etallic support. By knowing how to avail our-
of the conducting properties of some substances,
e non-conducting properties of other substances,
n either confine, or convey off the electric fluid
1sure.
. There are a number of different classes of
mena which electricity exhibits ; as attraction
pulsion—heat and light—shocks of the animal
1—and mechanical violence. These will suc-

[{ow is conducting power affected by moisture? How is elec-
xcited? When is a body insulated? Give examples of in-
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cessively claim our attention ; but as the properties
electricity were first discovered by experiment, so it
is by experiments, chiefly, that they are still to be
learned. We will therefore describe first, a few
experiments as every one may perform for hi
and afterwards such as require the aid of an electrical
machine.

Skec. 1. Of electrical Attractions and Repulsions.

132. For a few simple experiments, we will stretchs
wire horizontally between the opposite walls of a room,
or between any two convenient points, as represented
in figure 57. This will afford a convenient suppt

Fig. 57.

ki
| %A A\

for electroscopes, as those contrivances are called, whick
are used for detecting the presence and examining the
properties of electricity. A downy feather, a lock of
cotton, or pithballs,* are severally convenient substas-
ces for electroscopes. To one of these, say a pith
ball, we will tie a fine linen thread, about nine inches
long, and suspend it from the wire, as at a. By
slightly wetting the thumb and finger and drawing the

*The pith of elder, of corn stalk, or of dry stalks of the artichake, is s
able for this purpuse.

131. What different classes of phenomena does electricity exhibit1
Use of experiments.
132. Describe the apparatus in Fig. 57. How isthe tube excited!.

\
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l through them, it becomes a good conductor and
slectroscope is therefore uninsulated. We will
take a thick glass tube and rub it with a piece of
(or a dry silk handkerchief,) by which means the
will be excited, and on approaching it towards
lectroscope, the pith-ball will be attracted towards
at b, and may be led in any direction by shifting
wosition of the tube; or if the tube be brought
i, the ball will stick fast to it. We will next
md two other balls, ¢ and d, by silk threads, in
h case they will be insulated. If we now ap-
'h the excited tube, the balls will first be attracted
but as soon as they touch it, they will fly off, and
ube when again brought towards them will no
r attract but will repel them, and they will mutu-
‘epel each other as in the figure ; and if the lock
reads, e, be electrified, they will also repel each
A stick of sealing wax excited end applied to
lectroscopes will produce similar effects.  But if
rst electrify the ball with glass and then bring
it the sealing wax, previously excited, it will not
the ball, as the excited tube does, but will first
t it as though it were unelectrified, and then ra-
; and now the excited glass tube will attract jt.
e it appears that the glass and the sealing wax,
excited, produce opposite effects : what one at-
the other repels. Each repels its own, hut at-

. the opposite. Glass repels a body sluctrifisd
elf, but attracts a body electrified by sesling wax ;
ealing wax repels a body electrified by itwslf, Init
ts a body electrified by glass. In the figurs, 4
sents two balls differently electrified, ona by glx
1e other by sealing wax, and therefore stiracting
other. This fact has led to the conclunion, that

when applied to the uninsnlated ball—to the inwiintad bnlle 4
ads. ibe the effects when sealing was iw wasd ﬂmq‘
.mwwlgumhmm«(mm
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1

there are two kinds of electricity ; one excited by
and a number of bodies of the same class, callec
vitreous electricity, and the other excited by se:
wax and other bodies equally numerous, of the |
class with it, called the resinous electricity. Vit
electricity is sometimes called positive, and resi
electricity negative.

133. The foregoing cases of electrical attrac
and repulsions, constitute important laws of elec
action, and are to be treasured up in the memo
the following propositions:

First. An electrified body attracts all unelect
matter.

Secondly. Bodies electrified similarly, that is,
positively or both negatively, repel each other.

Thirdly. Bodies electrified differently, that is
positively and the other negatively, attract each (

Fourthly. The force of attraction or repulsion
versely as the square of the distance ; thatis, whe
balls are electrified, the one positively and the
negatively, the force of attraction increases rapi
they draw near to each other, being four times as
when twice as near, and a hundred times as
when ten times as near. Repulsion follows the
law ; that is, when two balls are similarly elect
it requires four times the force to bring them tw
near to each other, and a hundred times the fo
bring them ten times as near as before.

Sec.' 2. Of Electrical Apparatus.

134. Electrical machines afford the means of
mulating the electric fluid, so as to render its €
far more striking and powerful than they appear
simple experiments already recited. The cy

133. State the four laws of electrical attraction and repulsia
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chine is represented in figure 58. Its principal
ts are the cylinder, the frame, the rubber, and the

. Fig. 58.

ne conductor. The cylinder (A) is of glass, from
it to twelve inches in diameter, and from twelve
sighteen inches long. The frame (B B) is made
1ard wood, dried and varnished. The rubber (C)
sists of a leathern cushion, stuffed with hair like
pad of a saddle. This is covered with a black
. cloth, having a flap, which extends from the cush-
over the top of the cylinder to the distance of an
h from the points of the prime conductor, to be
ationed presently. The rubber is coated with an
1lgam, composed of quicksilver, zinc, and tin, which
paration has been found by experience to produce

M. Describe the electrical machine—the cylinder—the frame—the
ser—the the prime conductor.
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a high degree of electrical excitement, when subjected
to the friction of glass. The prime conductor (D)is
usually a hollow cylinder of brass or tin, with rounded
ends. It is mounted on a solid glass pillar, (a juk
bottle with a long neck will answer,) with a broad and
heavy foot made of wood to keep it steady. The cyl-
inder is perforated with small holes, for the reception
of wires (¢) with brass knobs. It is important in an
electrical machine, that the work should be smooth
and free from points and sharp edges, since these have
" a tendency to dissipate the fluid, as will be more fully
understood hereafter. For a similar reason, the ms °
chine should be kept free from dust, the particles of
which act as points, and dissipate the electricity.

135. By the friction of the glass cylinder against
the rubber, electricity is produced, which is received
by the points, and thus diffused over the surface of the
prime conductor, and may be drawn from it by the
knuckle or any conducting substance. In order to in-

dicate the degree of excitement in the prime conduc-
" tor, the Quadrant Electrometer is attached to it, as is
represented at E, figure 58. This electrometer is
formed of a semi-circle, usually of ivory, divided into
degrees and minutes from 0 to 180. The index con-
sists of a straw, moving on the centre of the disk, and
carrying at the other extremity a small pith-ball. The
perpendicular support is a pillar of brass, or some con-
ducting substance. When this instrument is in a per-
pendicular position, and not electrified, the index hangs
by the side of the pillar, perpendicularly to the hori-
zon ; but when the prime conductor is electrified, it
imparts the same kind of electricity to the index, re-
pels it, and causes it to rise on the scale towards an
angle of 90 degrees, which point indicates a full charge-

135. How is the electricity produced? Describe the quadrant elec:
trometer, and show how it indicates the degree of the charge.
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Thus all the different circamstances affecting
ducting power, may be ascertsined; and 1
knowledge of these relative powers, depend
of managing the electric fluid, whether in th
/ csmmon electricity or in that of lightning.
137. The laws of attraction and r. ;
verified by the aid of an electrical machix
more strikingly than by the simple appara
tioned in Articles 132 and 133. If we hang
hair to the prime conductor, on turning the
the hairs will recede violently from each ¢
cause bodies similarly electrified repel ea
By placing light bodies, as paper images,
cotton, or light feathers, between one plate ¢
with the prime conductor and another which i
lated, as is represented in figure 59, (the up
e being hung to the pr
Fig. 59. ductor,) the electrical d
: be performed. The
will first be attracted t
per plate, but instantly
the same electricity, 1
be repelled by the u
attracted by the lower
descending to the lat
will give up their ch
return again to the up
to repeat the process,
forming a kind of danc
when performed by li
' ges of men and women
very amusing. Most electrical machines are |
with a variety of apparatus for illustrating th
ples of electrical attractions and repulsions, s
chime of bells, the electrical horse-race, the «

137. Effect when a lock of hair is hung to the prime
How is the electrical dance pedome&‘\un‘ P
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od mill, and the like ; but these must be seen in order
be fully understood, and therefore their exhibition
left to the instructor.
138. The Leyden Jar is a piece of ap-
ratus used for accumulating a large quan-
7 of electricity. It consists of a glass
coated on both sides with tin foil, except
ipace on the upper end, within two or
‘ee inches of the top, which is either left
re, or is covered with a coating of var-
ih, or a thin layer of sealing wax. To
» mouth of the jar is fitted a cover of hard
ked wood, through the center of which
sses a perpendicular wire, terminating
ove in a knob, and below in a fine chain
it rests on the bottom of the jar. On presenting
8 knob of the jar near the prime conductor of an elec-
cal machine, while the latter is in operation, a series
sparks pass between the conductor and the jar,
tich will gradually become more and more feeble,
til they cease altogether. The jar is then said to
charged. 1If we now take the dis-
wrging rod, (which is a bent wire, Fig. 61.
ned at both ends with knobs, and
mlated by a glass handle, as in fig-
» 61, and apply one of the knobs
the outer coating and bring the other
the knob of the jar, a flash of intense
ghtness, accompanied by a loud re-
tt, immediately ensues. If| instead
the discharging rod, we apply one
nd to the outside of the charged jar,
d bring a knuckle of the other hand to the knob of
) jar, a sudden and surprising skock is felt, convul-

Fig. 60.

1. Define the Leyden Jar—describe/it—how is it charged ? Ho:
o T Hom o e ot demorite; nie v
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sing the arms, and when sufficiently powerfu
through the breast.

139. The outside and the inside of a Le
are always found in opposite states ; that is
knob connected with the inside we have imp:
itive electricity, (as in the mode of chargin,
described,) then the outside will be electrifi
same degree with negative or resinous e
Every spark of one sort of fluid that enter
jar, drives off a spark of the same kind fron
side, and leaves thut in the opposite state.
jar is insulated, (as wheo it siands on a glass
80 that the electricity cannot pass from the ¢
ing, then it will take no charge. We may
jar negatively instead of positively, by gras
of the knob and presenting the outside to
conductor. The positive electricity that .
outer coating, drives off ane qual quantity of
kind from the inside, which escapes through
of the operator and leaves the inner coating
When the jar is thus charged, we must be
set it down on a glass support before wi
the hand ; for if we place it on the table,
a conductor, the electricity will immediately
the outside to the inside, through the table,
body of the operator, and he will receive a sh
if he sets the jar on a non-conducting suppor
communication will be formed between the
of the jar, and consequently it will not disch:

The Electrical Spider forms a pleasing i
of the different states of two jars, one charge:
ly and the other negatively. It is contriv
lows: Take a bit of cork and form a sipall |
size of a pea, for the body of the spider.
needle, pass a fine black thread backward

# 139. In what state are the two sides of a charged jar? !
charge a jar negatively?l Why is it necessary ta eet it
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vards through the sides of the cork, letting the threads
oject from it half or three-fourths of an inch on the
wposite sides, to form the

legs. Now suspend it from Fig. 62.
the centre of the body by .

s fine silk thread, between

two jars, one charged posi-

tively and the other nega-

tively, and placed on a table,
18 is represented in figure
62. The spider will first
be attracted to the knob of
the nearest jar, will imbibe
the same electricity, be re-
lled, and attracted to the
ob of the other jar, from .
which again it will be repelled, and so will con-
tinue to vibrate back and forth between the two jars,
until it has restored the equilibrium between them by
slowly conveying to the inside of each jar the electri-
city of the inner coating of the other. )
Pyinted conductors have a remark- Fig. 63.
able power of drawing off and dis- ~
sipating the electric fluid when
# has accumulated. If we apply
one hand to the outer coating of a
charged jar, and with the other
bring a needle towards the knob, it o
will silently draw off all the charge, _ ' UL
without giving any shock. And
if, while we are charging a jar with RSN
the machine, we direct a pointed
wire or a needle towards the machine, even at a much
greater distance from it than the knob of the jar, the

.mluedT support? Describe the electrical spider. Why does it vi=
rate from one jar to the other? Eﬂ‘ectofpo?;m.

L5 S VONEPN
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fluid will pass into the needle in preference to the jar.
All apparatus, therefore, for confining electricity, re-
quires to be free from sharp lines and points, and to
terminate in round smooth surfaces.

Skc. 3. Of Electrical Light and Heat.

140. Electrical Light appears whenever the fluidis
discharged in considerable quantities through a resist:
ing medium. When electricity flows freely through
good conductors, it exhibits neither light nor heat ; bul
if such conductors suffer any interruption, as in pas#
ing through a small space of air, or even through at
imperfect conductor, then light becomes manifest
We will sappose the experiment to be performed int
dark room, or in the evening, in a room very feebl
lighted. A glass tube, rubbed with black silk, coate
with a little electrical amalgam, will afford numerou
sparks, with a slight crackling noise. A chain, hun
to the prime conductor of a machine, will show
bright spark at every link. 1f we attach one end ¢
the chain to the prime conductor, and hold the othe
end suspended by a glass tube, brushes or pencil
of light will issue from various points along th
chain. The spark seen in discharging the Leyde
Jar, as in Article 138, is very intense and dazzlin

Fig. 64.

o e P -,
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Figure 64 represents a glass cylinder, armed at eac
end with brass balls, and wound round, spirally, wit
a narrow strip of tin foil. At short intervals, sma
portions of the tin foil are cut out, so as to interru

140. When doces clcct;i(;:ﬁ—]ight_npp:a;? “When does _ele—c—tn‘;:_l
exhibit neither light nor heatl Experiment with a glass tube-
chain—a spiral tube. How may lluminated words e made o s
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sircuit. Wherever a sgari 3 Tassed Zrough this
iratus, it sppears SeaqmillT TmMInous it every im-
iption im the dn f. v :ris or dgwes of any
| may be very fnely ex:z by coatny a plate
slass with a strip of =2 &€ 3 a Zg-mg line,
| one cormer i :ie GDCasZe cormer. diagomaliy.
n with the point of a s, smal pordess of the
il are nicked oc: in su-1 a mancer that the spa-
thus left bare shall :ogetzer consartze some word,
NasmiNeTos. The spark. in passinz throwgh the
foil, will meet with resistance at ail the places
e the metal has beea remn7ed. and wiil there ex-
it a bright light. Thus an iLimminated word will
ear at every spark received :rom the mactine. If
machine is not sufficicnily powerful s aford a
tk strong enough to overcome the resistance occa-
iled by so many non-concucting spaces, then the
ninated word may be made to appear with great
mdor, by making the plate form a part of the circuit
ween the inside and the outside of a charged Ley-
Jar.

41. By means of the Battery, far more brilliant
eriments may be performed than with a single jar.
» Battery consists of a number of jars, twelve, for
ance, 80 combined that the whole may be either
rged or discharged at once. Large Leyden Jars,
ted side by side in a box, standing on tin foil,
ich forms a conducting communication between the
or coatings, while the inner coatings are also in
imunication by a system of wires and knobs, an-
s the same purpose as a single jar of enormous
5, and is far more convenient. When the battery
‘harged, and a chain is made to form a part of the
it between the outside and inside, on discharging
the whole chain is most brilliantly illuminated.

1. The B.at':y—of what does it consist? Describe it. tHow
uin illuminated by the battery? Great power of some baiveries. *
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Rough lightning rods sometimes present a similar sp
pearance when struck during a thunder storm. Bab;
teries are sometimes made of sufficient power to
small animals, and even men.

142. Heat, as well as light, attends the el
spark, although, except when the ducharge is
powerful, as in the case of the battery, or o h&.
it is but feeble, sufficient to set on fire only
inflammable substances. Alcohol and ether, two
inflammable liquids, may be fired by the spark,a
dle may be lighted, and gun powder exploded. Itk
however, difficult to set powder on fire by electrici
unless the spark is very strong.

143. The electric spark passes much more
through rarefied air, than through air in its ordi
state. Thus, a spark which would not strike
the air more than four or five inches, will pass
an exhausted glass tube, four feet or more in len;
filling all the interior with a soft and flickering ligh,
somewhat resembling the Aurora Borealis. Hence,
that phenomenon has been ascribed by some to elec
tricity, though this is probably not its true explanation

144. In Thunder Storms, we see electricity exhib
ited in a state of accumulation far beyond what we
can create by our machines, and producing effects
proportionally more energetic. A cloud presents s
conductor insulated by the surrounding air, in which,
in hot weather, electricity collects and accumulates
as it would upon a prime conductor of immense size
By sending up a kite armed with points, electrici
may be drawn from such clouds, and made to desc
by a wire wound round the string of the kite. We
b 142. Does heat attend electricity? Give examples of bodies fird

yll;é. How does the spark pass through rarefied air? Explain te
appearance of the Auroral tube.

144. How is electricity exhibited in thunder storms ? Annkﬂ
tween a cloud and & prime conductor. How may lightning be
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easily direct it upon a prime conductor, or charge
7den Jar with it, and examine its properties as we
d do in the case of ordinary electricity. By
experiments, it is found that the clouds are some-
positively and sometimes negatively electrified.
wnder storms, the lightning is usually nothing
than the electric spark passing from one cloud
sther differently electrified, as it passes between
uter and inner coating of a Leyden Jar. The
appears in the form of a line, because it passes
vifly, just as a stick, lighted at the end and
ed in the air, forms a circle of light. The mo-
f the electric fluid is, to all appearance, instan-
us. Thunder is the report occasioned by the
ng together of the air, after it has been divided
e passage of the lightning. The cracking of a
, a8 already mentioned, is ascribed to the same
5. The lash divides the air into two parts, which
)ly rush together and occasion the sound. When
nder clap is very near us, the report follows the
almost instantly, and such claps are dangerous.
| cases, the lightning and the thunder actually
* at the same moment, but when the discharge is
ne distance from us, the report is not heard till
time after the flash; for the light reaches the
nstantaneously, but the sound travels with com-
ive slowness, moving only about a mile in five
ids. We may, therefore, always know nearly
listant a thunder cloud is, by counting the number
conds between the flash and the report, and al-
1g the fifth of a mile (or, more accurately, 1,130
to a second. (See Art. 124.)

5. Sometimes lightning, instead of passing from

he clouds? How is the flash produced in thunder storms 7—
loes it leave a bright line? What is thunder? How produced ?
wre the flash and the report sometimes together and sometimes

te?
13
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cloud to cloud, discharges itself into the earth,
then strikes objects that come in its route, as ho
trees, animals, and sometimes man. As elect
always selects, in its passage, the best condw
Dr. Franklin first suggested the idea of protectin
dwellings by means of Lighktning Rods. If thes
properly constructedy the lightning will always
its passage through them in preference to any p
the house, and thus they will afford complete p
tion to the family. Sharp metallic points wer
served by Dr. Franklin to have great power
charge electricity from either a prime conducto
Leyden Jar, and this suggested their use in ligt
rods. Metals, also, being the best conductors of
tricity, would obviously afford the most proper
rial for the body of the rod. :

There are three or four conditions in the constn
and application of a lightning rod, which are ess
to insure complete protection. The rod must:
less than three-fourths of aninch in diameter—i
be continuous throughout, and not interrupted by
joints—it must terminate above in one or more
points, of some metal, as silver, gold, or platin
liable to rust—it must enter the ground to the
of permanent moisture, which will be different
ferent soils, but usually not less than six feet.
thus constructed, will generally protect a space
way equal to twice its height above the ridge
house. Thus, if it rises fifteen feet above the
it will protect a space every way from it of thirt
It is usually best to apply the rod to the chim:
the house ; or, if there are several chimneys, it :
to select one as central as possible. The k

145. What happens when lightning strikes to the earth? L
rods—influence of points and conductors—power of metals-
the rod—to be continuous—how terminated above and below '
much space will a rod protect? Tlow spplied to a house?
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1y, being usually the only one in which fires are
ined during the season of thunder storms, re-
to be specially protected, since a column of
rising from a chimney, is apt to determine the
of the lightning in that direction. If, there-
8 lightning rod is attached to some other chim-
the house, either a branch should proceed from
ie kitchen chimney, or this should have a sep-
»d. As lightning, in its passage from a cloud
rarth, selects tall pointed objects, it often strikes
and it is, therefore, never safe to take shelter
rees during a thunder storm. Persons struck
iy lightning, are sometimes recovered by dash-
repeated buckets of water.

4. Of the Effects of Electricity on Animals.

When we apply a Fig. 65.
3 to the prime conduc-
mn electrical machine,
eive the spark, a sharp
mewhat painful sensa-

felt. If we receive
ixge of a Leyden Jar,a

8 experienced which
or less severe, accord- py
the size and power of

A battery gives a
still more severe, and
be even dangerous.
ng, it is well known,
nes prostrates and kills men and animals. A
ient method of taking the skock, is to charge a

he kitchen chimney? May we take shelter under trees?
estore people struck by lightning ?

ensation to the knuckle—effects of a jar—of a battery. What
snient mode of taking the shock? ‘Sensations produred vy
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quart jar, place it on a table, and grasp
hand a metallic rod, apply one rod to ti
the jar, and touch the other to the knob co
the inside. If the charge is feeble, it wil
in the arms; if it is stronger, it will be
breast ; and it may be sufficiently powerfu
the whole frame. Any number of pers
taking hold of hands, all receive the shoc!
instant. The first must touch the outside
the knob of the jar. Whole regiment
electrified at once in this way.

147. Electricity is sometimes employec
and is thought to afford relief in various «
may be applied either to the whole systei
to any individual part, by making that par
tion of the communication between the it

] outside of
Fig. 66. fluid may
milder for
of the El
This isa
resting o
The patie
sits on
holds a cl
ed with tt
ductor, w
chineis t
produces
exciteme:
whole system ; the hair stands on end ; s
taken from all parts of the person, as
conductor ; and the patient may commun

a feeble charge—by a strong—by a powerful charge’
number of persons be electrified at once ? )

147. How is electricity employed medicinally ? E
the electrical stool
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shock to any one that comes near him, or may set on

. fire ether and other inflammable substances, by merely
- touching them with a rod, or pointing towards them.

148. Several fishes have remarkable electrical pow-
ers. Such are the Torpedo, the Gymnotus, and the

. Bilurus. The Gymnotus, or Surinam eel, is found in

the rivers of South America. Its ordinary length is
from three to four feet; but it is said to be sometimes
twenty feet long, and to give a shock that is instantly
fatal.  Thus, it paralyzes fishes, which serve as its
food, and in the same manner it disables its enemies
and escapes from them. By successive efforts, elec-

. #ral fishes exhaust themselves. In South America, the

watives have a method of taking them, by driving wild
horses into a lake where they abound. Some of the
eels are very large, and capable of giving shocks so
powerful as to disable the horses; but the eels them-
selves are so much exhausted by the process, as to be
easily taken.

CHAPTER VIII.
MAGNETISM.

DEFINITIONS—ATTRACTIVE PROPERTIES—DIRECTIVE PROPERTIES
~—VARIATION OF THE NEEDLE—DIP—MODES OF MAKING MAGNETS.

-149. Among the ores of iron, there is found an ore
of a peculiar kind, which has the power of attracting
iron filings, and other forms of metallic iron, and is
called the loadstone. This power can be imparted to
bars of steel, which are denominated magnets. The
unknown power which produces the peculiar effects
of the magnet, is called magnetism. This name is

148. What of electrical fishes? Give an account of the
How do the natives take electrical fishes in South America
149, Wlminheloadswne,andm‘ngnetﬂ Define i
. 13
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also applied, as at the head of this chapter, to that
branch of Natural Philosophy which treats of the
magnet. Magnetic bars are thick plates of iron or
steel, commonly about six inches long. If a magnetic
bar be placed among iron filings, they will arrange
themselves around a point at each end, forming tufts,

Fig. 67.

as is shown in figure 67. These two points are called
the poles, and the straight line that joins them, the -
axis of the magnet. 1f we suspend, by a fine thread,
a small needle, and approach towards it either pols
of a metallic bar, the needle will rush towards i
and attach itself strongly to the pole. By rubbing
the needle on one of the poles of the magnet, it-
will itself imbibe the same power of attracting iron,
and become a magnet, having its poles. If we now
bring first one pole of the mag.

Fig. 68. Fig. 69. netic bar towards the needle, and
then the other pole, we shall find
that one attracts, and the other re-
pels the needle. Figure 68 repre-
sents two large sewing needles,
magnetized, and suspended by fine

y 4) threads. On approaching the north
A J, pole of a magnetic bar to the north
poles of the needles, they are

forcibly repelled; but on applys

ing the south pole of a bar, ss i

figure 69, the north poles of the
needles are attracted towards it.

senses in which the word is used. What are maguoetic bars? What
are the poles—the axis? How may a needle be meagnetized? How
are its properties changed by this procesa?t



MAGNETISM, 151

- 150. Let us suppose that the long needle represent-
ed in figure 70, has been rubbed on a magnet, so as to
imbibe its properties, or to

become magnetized; then, on Fig. 70.
balancing iton a pivot,it will 8 X
of its own accord place itself

in nearly a north and south

line, and return forcibly to

this position when drawn

aside from it. This property

18 called the directive, while the other is called the
allractive, property of the magnet. That end which
points northward, is called the Nortk Pole of the
magnet, and that end which points southward, is
called the Soutk Pole. Every magnet has these two
poles, whatever may be its size or shape. A mag-
‘petic bar has usually a mark across one end, to de-
aote that it is the north pole, the other, of course,
being the south pole. If the north pole of a bar be
brought towards the north pole, N, (Fig. 70,) of the
needle, it will repel it, and the more forcibly in pro-
portion as we bring it nearer to N. On the contrary,
if the north pole of the bar be brought towards the
south pole S of the needle, it will attract it. Alsa,
if we present the south pole of the bar first to one pole
of the needle, and then to the other, we shall find that
the bar will repel the pole of the same name with its
own, and attract its opposite. These facts are ex-
pressed by the proposition that similar poles repel, and
epposite poles attract each other. When a magnetic
bar is laid on a sheet of paper, and iron filings are

150. Explain the directive property. Which is the north and which
the south pole ? How is the north pole distinguished 7 Effect when
the north pole of the bar is brought near the north pole of the needle—
when the north pole is brought towards the south pole ? State the
general fact. What takes place when a magnetic bar is placed among
iron filings ? .
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sprinkled on it, they will arrange themselves in cur
around it, as in figure 71.

Fig. L.

151. The magnetic needle, when freely suspen
gldom points directly to the pole of the earth, bu
viation from that pole, either east or west, is ¢
the variation of the needle. A line drawn on the
face of the earth, due north and south, is called a
ridian line. The needle usually makes a great
less angle with this line. Its direction is callec
magnetic meridian, and the place on the earth to w
it points, is called the magnetic pole. The eartl
two magnetic poles, one in the northern, the oth
the southern hemisphere. The north magnetic
is in the part of North America lying north of ]
son’s and west of Baffin’s Bay, in latitude 70°.
variation of the needle is different in different ¢
tries, In Europe, the needle points nearly N
and 8. E.; while in the United States it deviate:
where but a few degrees from north and south;
along a certain series of places, passing through V
ern New York and Pennsylvania, the variation is1
ing ; that is, the needle points directly north and s
At the same place, moreover, the variation of
needle is different at different periods. For a
series of years, the needle will slowly approacl

151. What is meant by the variation of the needle? Wh
meridian line 7—the magnetic meridian? Situation of the nort)
netic pole ? How is the variation of the needle in Europe? H
the United States 7 Where does the line of no variation run?
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North pole, come within a certain distance of it, and

then tarn about and again slowly recede from it. At

Yale College, the variation in 1843, was 64 degrees

West, and is increasing at the rate of 44 minutes a year.
152. A needle first balanced on its center oPgravity,

and then magnetized, no

Jonger retains its level, but Fig. 72.

it points below the horizon,

making an angle with it,

called the Dip of the needle.

The dipping needle is
shown in figure 72, adapted
® a graduated circle in or-
derto indicate the amountof
the depression, and is some-
times fitted with screws and
alevel to adjust it for obser-
wtion. The dip of the nee-
dle varies very much in dif-
ferent parts of the earth, being in general least in the
equatorial, and greatest in the polar regions. At Yale
College, it is about 73 degrees, being greater than is
exhibited in the figure.

"153. The directive property of the needle has two
most interesting and important practical applications,
in surveying and navigation. The compass needle,
in order to keep it at a horizontal level, and prevent
its dipping, has a counterpoise on one side, which ex-
actly balances the tendency to point downward. By
the hid of this litlle instrument, lands are measured,
and boundaries determined ; the traveller finds his way

ﬁ‘.:. th';a variation change at any given place? How is it at New
ven

152. What is the Dip of the needle? Describe figure 72. Where
is the dig of the needle greatest? Where least? Its amount at Yale

‘ 153. What are the two leading applications of the needle? How is
be compass needle kept from dipping? To what uses is it applied?
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through unexplored forests and deserts ; and mariners
guide their ships through darkness and tempests, and
across pathless oceans.

154. There are various methods of making compass
needles, dr artificial magnets. Soft iron readily re-
ceives magnetism, but as readily loses it; hard steel
receives it more slowly, but retains it permanently.
It is a singular property of a magnet, whether natural
or artificial, that, like virtue, it loses nothing by what
it imparts to another. In fact, such an exercise of its
powers is essential to their preservation. The s
est magnet, if suffered to remain unemployed, gradu-
ally loses power. Magnets, therefore, and loadstones,
are kept loaded with as much iron as they are capable
of holding, called their armature. If we simply rub
a penknife on one pole of a magnet, we render it mag-
netic as will be indicated by its taking up irom
filings or sewing needles. Magnetism is most readily
imparted by a bar, when both its poles are made tosct
together. This is done by giving the bar the form
of a horse shoe, as in figure 73. To magnetizes

' - needle, we lay it flat on
Fig. 73. a table, and place the two

poles of the horse shoe
A magnet near the middle,
and rub it on the needle,
backwards and forwards,

first towards one end and then towards the other, ts-
king care to pass over each half of it an equal number
of times. The needle may then be turned over, and
the same process performed on the other side, when
it will be found strongly and permanently magnetized.

154. How is the compass needle made? What is said of soft iron
and hard steel ? _How 1s the strength of the magnet affected by actioa
or inaction? What is the armature? How to magnetize a penknife.
‘Why is qtlﬁqr bent into the horse-shoe form? How to magnetizes
needle with it.
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CHAPTER IX.
OPTICS.

DEFINITIONS—REFLEXION AND REFRACTION—COLORS—VISION—
MICROSCOPES AND TELESCOPES.

155. OpTics is that branch of Natural Philosophy
which treats of Light., Light proceeds from the sun,
"8 lamp, and all other luminous bodies in every direc-
tion, in straight lines, called rays. If it consists of
«matter, its particles are so small as to be incapable of
being weighed or measured, many millions being re-
quired to make a single grain. Some bodies, as air
and glass, readily permit light to pass through them,
and are called transparent; others, as plates of metal,
do not permit us to see through them, and are called

ke. Any substance through which light passes, is
called a Medium. Light moves with the astonishing
velocity of 192,500 miles in a second. It would cross
the Atlantic Ocean in the sixty-fourth part of a sec-
ond, and in the eighth part of a second, would go round
the earth. When light strikes upon bodies, some por-
tion of it enters the body, or is absorbed, and more or
less of it is thrown back, and is said to be reflected ;
when it passes through transparent bodies, it is turned
out of its direct course, and is said to be refracted.
The light of the sun consists of seven different co-
lored rays, which, being variously absorbed and re-

flected by different bodies, constitute all the varieties"

of colors. Light enters the eye, and forming within
it pictures of external objects, thus gives the sensa-
tion of vision: The knowledge of the properties of
!ight, and the nature of vision, has given rise to the
invention of many noble and excellent instruments,

155. Define Optics—terms rays, transparent, opake, and medium-
PR ot Ll e e e W o4

o
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which afford wonderful aid to the eye, such as the
microscope and the telescope. Let us examifie more
particularly these interesting and important subjects,
under separate heads.

Skc, 1. Of the Reflexion and Refraction of Light.

156. When rays of light, on striking upon some
body are turned back into the same medium, they are
said to be reflected. Smooth polished surfaces, like
mirrors and wares of metal, reflect light most freely
of any, and hence their brightness. Most objects,
however, are seen by reflected light; few shine by
their own light. Thus, the whole face of nature owes .
its brightness and its various colors to the light of the
sun by day, and to the light of the moon and stars by
night. The rays that come from these distant lumins-
ries, fall first upon the atmosphere, and are so reflected
and refracted from that as to light up the whole sky,
which, were it not for such a power of scattering the
rays of light that fall upon it, would be perfectly black.
On account of the transparency of the atmosphere,
the greater part of the sun’s rays pass through it, and
fall upon the surface of the earth, and upon all objects
near it. These reflect the light in various directions,
and are thus rendered visible by that portion of the
light which proceeds from them to the eye.

157. When a ray of light strikes upon a plane sur-
face, the angle which it makes with a perpendiculsr
to that surface, is called the angle of incidence, and the
angle which it makes with the same perpendicular,
when reflected, is called the angle of reflexion. The

l}ln’; rays consist? To what inventions has the study of Optics gives
rise

156. When are rays of light said to be reflected 7 By what light are
most objects seen? Show how the atudéaphere and most things onthe
‘@arth are illumi

157. Define the angle of incidence and of reflexion. Equality be-
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angle of reflezion is equal to the angle of incidence.
Thus, a ray of light, A C, striking upon a plane mirror,

MN, at C, will be reflect-
ed off' into the line C B, Fig. 74.
making the angle of in-A B D

cidence, M C A, equal to
_the angle of reflexion,
#NCD. Itisnotneces-
weary that the surface on
swhich the light strikes
yshould be a continued
,plane ; the small partofa M - © N
curved surface, on which :
va ray of light falls, may be considered as a plane,
-touching the curve at that point, so that the same law of
.reflexion holds in curved as in plane surfaces, Now
the grains of sand on a sandy plain, present surfaces
‘variously inclined to each other, which scatter the rays

of the sun in different directions, many of which enter
the eye, and make such a region appear very bright;
while a smooth surface, like a mirror, or a calm
sheet of water, reflects the light that falls on it, chiefly

in one direction, and hence appears bright only when
the eye is so situated as to receive the reflected beam.
‘Thus, the ocean appears much darker than the land,
except when the sun shines upon it at such an angle

as to throw the reflected beam directly towards the
eye, as at a certain hour of the morning or evening,
and then the brightness is excessive.

158. An object always appears in the direction in
which the last ray of light from it comes to the eye.
Thus, we see the sun below the surface of a smooth
lake or river, because every ray of light, being re- W-
flected from the water as from a mirror, comes to the

tween these two angles. Explain figure 74. Does the same law hol¥ %’ )
for curved surhea? ‘Which appears darkest, the ocean or land,in .
the light of the sun? 14
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eye in the direction in which the image appears; asd
if the light of a star were to change its directions
hundred times in coming through the atmosphere, we
should see the star in the direction of the last ray, i
the same manner as if none of the other directiom
had existed. This principle explains various

ances presented by mirrors, of which there are
kinds—plane, concave, and convex. .

159. A common looking-glass furnishes an exampl
of a Plane Mirror. 1f we place a lamp before it, sy
of light are thipwn from the lamp upon every pestef
the mirror, but we see the lamp by means of thow
few of the rays only which are reflected to the eyo;
all the rest are scattered in various quarters, and de
not contribute at all to render the object visible toa
spectator at any one point, although they would pre-
duce, in like manuer, a separate image of the lamp
wherever they entered an eye so situated as to receive
them. Hence, were there a hundred people in the
room, each would see a separate image, and each in
the direction in which the rays came to his own eye.

Fig. 75.

o
C

We will suppose M N to be the looking-glass, havings

158. In what direction does an object always ar? Example it
the sun—in a star. What are the ekindzo?pn}:;mnf

159. Explain how the image is formed in a plane mirror, Whet
rays oply enable us to see the image 1 Expan Fig. 6. Hew @
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harp placed before it, and the eye of the spectator at
D. Of all the rays that strike on the glass, the spec-
tator will see the image by those only which strike
the mirror in such a direction, A B, that when reflected
from the mirror at the same angle on the other side,
they shall enter the eye in the direction B D. The
image will appear at C, and will be just as far behind
the mirror as the harp is before i¢. This last principle
is an important one, and it must always be remem-
bered, that every point in an object placed before a
plane mirror, will appear in the image just as far be-
hind the mirror as that point of the object is before
it; so that the image will be an exact copy of the ob-
ject, and just as much inclined to the mirror. We
learn, also, the reason why objects appear inverted
when we see them reflected from water, as the surface
of a river or lake, since the parts of the object most
distant from the water, that is, the top of the object,
will form the lowast part of the image.

160. If we take a looking-glass and throw an image
of the sun on a wall, on turning the mirror round we
shall find that the image moves over twice as many
degrees as the mirror does. If the image is at first
‘thrown against the wall of a room, horizontally, (in
which case the mirror itself would be perpendicular
to the horizon,) by turning the mirror through half
a right angle, the place of the image would be
changed a whole right angle, so as to fall on the ceil-
ing over head. A common table glass, which turns on
two pivots, being placed before a window when the
sun is low, will furnish a convenient means of veri-
fying this principle.

is the image behind the mirror? How far is each point in the image
behind the mirror ? Why do objects appear inverted when reflected
from water 7

160. If a mirror be turned, how much faster does -the image move
than the mirror? State how the experiment is performed.
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161. A Concave Mirror collects: of.
we hold s small concave shavin Taa, fwm
towards the sun, it will collect the whole be:
light that falls upon it into one point, called the
Figure 76 will ﬁn some i
Flg. 76. the manner in which parallel
strike & eoncave mirror, com
to a focus, and then diver
The angle of reflexion is equ
the angle of incidence
well as in a plane mirror; bu
ndicular to & curved su

is the radius of the circle of which the curve
part. Thus, the line C B is the radius of the

cave mirror, M N, and, in a circle, every r:
perpendicular to the surface. The sun’s r
parallel to each other, or 80 nearly so, that t’
be considered as parallel; and .when rays !
the mirror, in the lines A B and E G, the
flected on the other side of the perpendicul:
ing in a common focus, F, which point is (
Jocus of parallel rays. Into this point, ¢
space around it, a concave mirror will colle

161. What is the office of a concave mirror? Expe:
shaving-giass. What forms the perpendicular to a cor
What 3 the point called where paralel Tays are colled
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of the sun, increasing in heat in the same proportion
as the illuminated space at F is less than the whole
surface of the mirror. In large concave mirrors,
the heat at the focus often becomes very powerful,
80 as not only to set combustibles on fire. but even
to melt the most infusible substances. Hence the
name focus, which means a burning point. * If a lamp
is placed at F, the rays of light proceeding from it in

- the lines F G and F B, will strike upon the mirror
and be reflected back into the parallels, G E and B A.
We shall see hereafter how useful this property of
concave mirrors,—to collect parallel rays of light into
a focus,—is in the construction of that most noble of
instruments, the telescope.

A Convex Mirror, on the other hand, separates rays
of light from each other, still observing the same law,
that of making the angle of incidence equal to the

Fig. 78.

3 o\

angle of reflexion. In figure 78, the parallel rays,

i AB,OD, EF, are represented as falling on a convex

wirror, M N. A B and E F, being reflected to the
other sides of the radii, C B and C F, are separated

wid of the heat at the focus ? When a lamp is placed in the-focus,
how will its light be reflected 7
14* Ve
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from each other, and form the image et 1,
called the imaginary focus of parallel rays,
this point, the- el rays that fall upon then
"seem to meet In & focus, behind the mirror, u
diverge again into the lines B G and F H. |
162. Whenever the rays of light from the diff
parts of an object cross each other before formin;
image, the image will be inverted. It is manifest
figure 79, that the light by which the top of the ¢

Fig. 9.
A
v ' c
c’ D
B

is represented forms the bottom of the image, a
light from the bottom of the object forms the to'
image, the two sets of rays crossing each othe
hole in the screen. It is always essential to
tinctness of an image, that the rays which
from every. point in the object, should be an

" corresponding points in the image, and shov
accompanied by light from any other source
screen like that in the figure, when intery
mits only those ra{s from any point in the

are very near together and nearly parallel to

to pass through the opening, after which th
straight forward and form the correspond

the image ; while rays coming from any ¢

- the object cannot fall upon the point occ

162. In what case will the image appear invertec
Fig. 79. What ie essential to the distinctness of :
rays oaly does the screen permit to passt
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pencil, but each’finds an appropriate place of
a in the image, and all together make a faithful
entation of the object.

. Concave mirrors form images of objects, by
ing the rays from each point of the object into
ponding points in the image, unaccompanied by
‘om any other quarter. If the object be nearer

he focus, as in figure 80, a magnified image ap-
behind the mirror, and in its natural position ;
the object be between the focus and the center, *
age is before the mirror, on the other side of the
, larger than the object,

werted, as it is in fig- Fig. 81.

l, where the small ar-
A B, situated between
cus and the center of
irror, is reflected into
nage ab, inverted and
‘than the object. These
may be verified in a
'oom, by placing a lamp
ferent distances from a
ve mirror. As such
rs form their images in
ir without any visible

&wbw:mmmwhenh jeet o
- focus, image sppear T How
1] scus? How may these canea'he veivhad\
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support, they have sometimes boen employed by
glers to produce apparitions of ghostly ignu,
swords, and the like, which were made to sppear
terrific forms, while the apparatus by whiclr they
produced, was entirely concealed from the

Fig. 8.

Convex mirrors give a diminished image of any obj
placed before it, representing it in its natural posi
and behind the mirror, as in figure 82.

164. Refraction is the change of direction which i
undergoes byepassing out of one medium into anothn’§
When light passes out of a rare
Fig. 83. dium, like an-, into a dense medium,
G D like water, it is turned towardsa
pendicular ; when it passes out of

dense into a rare medium, it is
ed from a perpendicular. When the
m ray of light, B C, passes out of airis-
to water, it will not proceed straight
forward in the line C F, but will go
in the line C E, nearer to the per-
pendicular, C H and light proceedmg from an object
under water at E would, on passing into the air at ¢,
turn from the perpendlcular into the line C B. Since

What use1s made of concave mirrors by jugglers 7 How do convex ,

mirrors represent objects 7 M
164. Define refraction. How is light reﬂected by paumg out of air ¢

into water—out of water int aix Also, Fig 84



s the eye. Fig.
:sents a bowl
nall coin at the
An eye situated as in the figure, would not see
; but, on turning water into the bowl, the coin
visible at B, because the light proceeding from
is bent towards the eye in passing out of the
For a similar reason, an oar in water appears
part immersed being elevated by refraction.
om of a shallow river appears higher than it
and people have been drowned by attempting
river which, from the effect of refraction, ap-
188 deep than it was.
'he Multiplying Glass Fig. 85.
i many images of an
i there are surfaces,
h surface refracts the
t falls upon it, in a
angle from the oth-
sourse the rays meet
in the same number
nt directions, and the
pears in the direction
The candle at A, Fig. 85, sends rays to
he three surfaces of the glass. "I'hoss which
perpendicularly, pass directly through the

*in water appeurs bent 7 IL;M';I;MM&"
pthofariver?
wibe the maltipdying gaws, ol exghuin o ¢
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glass to the eye, without change of direction,
form one image in its true place at A. But the
which fall on the two oblique surfaces, have thei
rections changed both in entering and in leaving
glass, (as will be seen by following the rays in
figure,) 80 as to meet the eye in the directions ¢
and C. Consequently, images of the candle
formed, also, at both these points. A multiplying g
has usually a great many surfaces inclined to one
other, and the number of images it forms is pro
tionally great. »
*  166. This property of light,—the power of h¢
its direction changed by refraction,~—is converte
very important and inter- Fig, 86
esting uses by means of ’
LENSES. A lensisexem- , D
plified in a common sun-
glass, (or even in a spec- B
tacle glass,) and is either
convex or concave. Con- '
vex lenses, like concave c c
mirrors, collect rays of X
light. In figure 86, the parallel rays, A a and
are collected along with the central ray (whicl
ing perpendicular to the surfaces of the lens, su
no refraction,) into a common focus in F. IfLh
sun-glass, or a pair of convex spectacles toward:
sun, the whole beam that falls upon the glass wi
collected into a small space, forming a bright p
or focus, at a certain distance from the lens on
side opposite the sun, where it may be received
screen or sheet of white paper. A concave lens,

166. To what important and interesting uses is the power of
to undergo refraction converted? What instruments are used fo
Eurposef What is the office of a convex lens! Describe Fi

xamples in a sun glass and spectacles.
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rex mirror, separates rays of light. Thus, in

figure 87, the solar beam

Fig. 87. is spread over a greater

& space on the screen than

the size of the lens, indi-

cating that the rays are

separated from each oth-

er by passing through the

lens. Hence, concave

X ¢ lenses do not form ima-

ges as convex lenses do,

e therefore but little employed in the construc-
"optical instruments.

. A convex lens, like a concave mirror, forms

ige of an object without, by collecting all the

3 of rays that proceed from every point of the

and fall upon the lens, into corresponding points

place of the image. The image is inverted

)¢ the pencils of rays cross each other, those
1e top of the object going to the bottom of the

and those from the bottom going to the top.
figure, the central ray of each pencil (called the
nd the extreme ra‘s ave represented. The ex-

low does a convex age? ‘Why is the image in-
%af fss the axisa F Where do the axes cross
w? Great numb rceed from every point in
t
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treme rays cross each other in the centre of th
and thus necessarily produce an inverted imag
we must conceive of a great number of rays pn
ing from every point in the object, and each
covering the whole lens, which collects them ser
into distinct points, each occupying a separate
in the image. .

168. If we place a lamp in the focus of a le1
rays that proceed from it and pass through the
go out parallel, and will never come to a focus
other side, so as to form an image. Butif wet
the lamp further from the lens, so as to make tt
fall upon the lens in a state less diverging, thes
collect them into a distinct image on the othe
which image will be large in proportion as it i
distant from the lens. As the object is witl
from the lens, the image approaches it; when tl
at equal distances from the lens, they are equal i
but when the object is further from the lens tl
image, the image is less than the object. The:
ciples lead to an understanding of those inte
and wonderful instruments, the Microscope a
Telescope, to which our attention will herea
directed.

Skc. 2. Of Colors.

169. The philosophy of colors has been w
chiefly by means of the Prism. A Prism is :
gular piece of glass, usually four or five inche
presenting three plane smooth surfaces. Wh
look through the prism, all external objects ap)

168. How do the rays go out when a lamp is placed in th
How when the lamp is farther from the lens than the focus ?
the size of the image affected by its distance {rom the lens ?
the image changed by withdrawing the lamp ?

169. an:hat instrument has the philosophy of colors beer
ed? Define a prism. What appearances does it present w
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-brilliant hues, diversified by the various colors
inbow. The reason of this is, that light con-
seven different colors, which, when in union
h other, compose white light ; but when sepa-
»pear each in its own peculiar hue. The dif-
lors are as follows—uviolet, indigo, blue, green,
orange, red. The prism separates the rays
light, in consequence of their having the prop-
indergoing different degrees of refraction in
through it, the violet being turned most out of
e and the red least, and all the others differ-
ng themselves in this respect, as is shown in
wing diagram. E F represents the window

Fig. 89.

f a dark room, through a small opening in
beam of solar rays shines. They fall on the
. B C, and are refracted, by which they are
pwards, but in different degrees, the red least
rjolet most. By this means they are separated
h other, and lie one above another on the op-

hit? -Why? Seven colors of the spectrum. Why does
separate the different colors ? Explain Fig. 89. How
sompose the spectrum into white light 7

15
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posite wall, constituting the =~ i A L
solar spectrum. We' = o !
vex lens into the [
collect all the rays which .~ "~ S
prism, :;d they will tt;?mdl, whm I iho I
elongated spectrum on w ptonntmg o
pnmiry colors, will vanish, and mthephm i b
appear a round i image of the sun as whate . )

170. We may now learn the reasocn . "
different colors appear when we loek L

" The leaves of a tree, for example, seem 1o L \
streams of red light on one ngo and of uolotu
other. The intermediate colors lap over, and ® |
neutralize each other, while on the margin mh
exhibits its own proper hue. I

171. The rainbow owes its brilliant colors
same cause, namely, the production of the . .
colors that compose solar light, in B
the separation they undergo by refraction in -

* through drops of water. Although drops of
small objects, yet rays of light are still smaller,
have abundant room to enter a drop of water on
side, to be reflected from the opposite surface, o
pass out on the other side, as is represented in the, |
lowing figure. The solar beam enters the drop of rsi8.
and some portion (a very small portion is uuﬁexﬁ)‘
being refracted to B, thep reflected and finally refrse-
ted again in leavmg the drop, is conveyed to the eye
of the spectator. As in undergoing these two refras-
tions, some rays are refracted more than others, comse- |
quently they are separated from each other, and comisg |
to the eye of the spectator in this divided state, produce ‘

170, Why do so many different colors appear when we lookﬂmﬂ
the prism 7 Explain the appearance of the leavesof a tree.
171. To what does the rainbow owe its colors? Explain how the ‘
separation of colors is produced. To what &m of the buw does the
line pass which joins the sun and the eye oithe weetatar? How kigh ‘
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each its own color. The spectator stands with his
back to the sun, and a straight line passing from the

Fig 90.

; om through the eye of the spectator, passes also
i through the center of the bow. When the sun is set-
ting, so that this line becomes horizontal, the summit
of the bow reaches an altitude of about 42°, and the
: bow is then a semicircle. When the sun is 42° high,
" the same line would pass 42° below the opposite hor-
. ion, and the summit of the bow would barely reach
the horizon. When the sun is between these two alti-
‘tudes, the bow rises as the sun descends, composing
s larger and larger part of a circle until, as the sun
sets, it becomes an entire semicircle.
173. The varied colors that adorn the face of nature,
8 seen in the morning and evening cloud, in the tints
of flowers, in the plumage of birds and wings of cer-
tain insects, and in the splendid hues of the precious
m arise' frem the different qualities of different
ies in regard to the power of refracting or of re-
flecting light. When a substance reflects all the pris-
matic rays in due proportion, its color is white ; when
j It absorbs them all, its color is black ; and its color is

" doos the top of the bow reach when the sun is setting 7 Where is it
- when the sun is 42° ahove the western horizon ? n the sun ia be-
tween these two points 7
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blue, green or yellow, when it Jo refloct m)
of thegzecolorl,ya‘;ld to absotb all Wothoﬁ of the g
trum. These hues are endlessly varied by the po
natural bodies have of reflecting & mixture of some
the ‘primary colors to the exclusion of others, eve
new proportion producing a different shade.

Sc. 3. Of Vision. ‘

173. Whenever we admit into a dark room thw
an opening in the shutter, light reflected from
objects without, an- inverted picture of these obj
will be formed on the opposite wall. A room fi

for exhibiting such a picture, is called a Camers @
scura. In a tower which has a window opening
wards the east, upon & beautiful public square, contlil
ing chufches and other public buildings, and numes

trees, and the various objects of a populous city, s |
tle dark chamber is fitted up for a camera obscus{
having a white concave stuccoed wall opposite to te
window, ten feet from it, and all the other parts of te
room painted black. The afternoon, when the sm'
is shining bright in the west, and all objects seen®’
the east present their enlightened sides towards the
window, is the time for forming the picture. For this
purpose, a round hole about three inches in diameter
is prepared in the shutter, which admits the only light
that can enter the room. The room is made black
every where except the wall that is to receive the pie-
ture, otherwise light would be reflected from differest
parts of the room upon the picture ; whereas it is essew
tial to its distinctness, that the image should be unse-

= ="
172. How are the colors of natural objects produced 7 'When is the
color white, or red, or blue? How are the colors varied ?
173. How may a picture be formed in a dark room? What is itaell
ed? Describe the Camera Obscura mentioned. When is -
for forming the picture? Why is the room painted black, &
wall opposite the window ? : ;

‘
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companied by light from any other source. The wall
that is to receive the picture is made concave, so that
©very part of it may-be equally distant from the orifice
in the shutter.

174. We now close the shutter, and instantly there
appears on the opposite wall a large picture, represent-
img all the varied objects of the landscape seen from
the window, as churches, houses, trees, men and wo-
toen, carriages and horses, and in short every thing
that is in view of the window, including the blue sky,
and a few white clouds that are sailing through it.
¥Each is represented in its proportionate size and color,
and if it is moving, in its true motion. 'Two circum-
mtances, only, impair the beauty of the picture; one is,
that it is not perfecly distinct, the other, that it is in-
verted—the trees appear to grow downward and the
people to walk with their feet above their heads. The
picture appears indistinct, because the opening in the
shutter is so large that rays coming from different ob-
jects fall upon the picture and mix together, whereas
each point in the image must be formed alone of rays
coming from a corresponding point in the object. We
will therefore diminish the size of the opening by cov-
ering it with a slide containing several holes of differ-
ent sizes. We will first reduce the diameter to an
inch. The picture is now much more distinct, but yet
not perfectly well defined. We will therefore move
the slide, and reduce the opening to half an inch.
Now the objects are perfectly well defined, for through
8o small an opening none but the central ray, or axis,
of each pencil can enter, and each axis will strike the
opposite wall in a point distinct from all the rest. But,
though the picture is no longer confused, yet it lacks
brightness, for so few rays scattered over so large a

174. On closing the shutter, what annesrew -es ?
What two circumstances imosir th- NS
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surface, are insufficient to form & bright :
will now remove the slide, open the origi
three inches, which lets in a great abund
and we will place immediately before
(within the room,) a convex lens of te
which will collect all the scattered rays-
foci, and thus form = picture at once distin
80 that the most delicate objects without,
bling of the leaves of the trees, and the
tions of animals, are all very plainly discer
one thing is wanting to make the picture
that is, to turn it right side upwards. '
done, and is done in some forms of the can
but for our present purpose, which is to
inciples of the eye, where the image fi
inverted, it is better as it is.
175. The
Fig. 9L mera obscur:
nalogy betwe
pal parts an
vances empl
a picture of
jects, as in 1
dark chambe
very striking
son. .Figure !
the human ey
circular char
black on all sides except the back part, call
which is a delicate white membrane, li
gauze, spread to receive the image. The
the eye, A, is a lens of a shape exactly a
purpose it is intended to serve, which pro

orifice is small—What does the picture now lack ? 1
at once well defined and bright ?

175. Analogy of the cye to the Camera Obscura. ]
from Fig. 91.
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s to receive the light that comes in sideways, and
es it into the eye. The pupil is an opening between
1¢,like the opening in the window shutter, just be-
which is a convex lens, B, which collects all die
:ered rays, and brings each penﬂ'l t0 a separate fo-
where they unite in forming 2 bright and beantifully

nct image of all external objects. O represents
optic nerve, by which the semsations made on the

12 are conveyed to the brain. The substances
1 which the severa.lpa.rtsofdlecye,A,B l-lC
filled, are limpid and transparent, and purer tham
clearest crystal.
76. It is essential to distinct vision, that the rays
ch enter the eye should be brought accurately 10
cus at the place of the retina; and in ninety-nine
38 out of a hundred, this adjustment is perfect. But
. few instances, the lens, B, called the crystalline
107, i8 t0o convex, and then the image is formed be-
. it reaches the retina. This is the case with near-
ited people. Their eyes are too convex; but by
iring a pair of concave spectacles, can
excess of convexity in the eye, and then the crys-
ine lens will bring the light to a focus on the retina
. the sight will be distinct. Sometimes, particu-
y as old age advances, the crystalline lens becomes
3 convex, and does not bring the rays to a focus
a enough, but they meet the retina before they have
ae accurately to a focus, and form a confused im-
.. In this case a pair of convex spectacles aids the
stalline lens, and both together cause the image to
exactly on the retina. As a piece of mechanism,
eye is unequalled for its beauty and perfection, and
part of the creation proclaims more distinctly both
+ existence and the wisdom of the Creator.

76. What is essential to distinct vision ? Imperfection when the
stalline lens is too convex—how remedied—also when not convex.
ugh—remedy ? Perfection of the eye.
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Skc. 4. Of the Microscope.

177. The Microscope is an optical instrument, e+,
signed to aid the eye in the mspection of sinsts ob
jects. The simplest microscope is a convex lens; ke
a spectacle glass. This, when applied to entall objects;
as the letters of a book, renders them both larger and |
more distinct. When an object is brought nearer aad
nearer to the eye, we y reach a point withif

which vision begins to grow imperfect.  That.

is called the limit of distinct m Its dunﬁ
about five inches. If the object be brought nesiet
than this distance, the rays come to the eye too (bz
ing for the lenses of the eye to bring thern to.  fog
soon encugh, 8o as to make their image fall exally.
on the retina. Moreover, the rays which '
from the extreme parts of the object, meet the eye'##
obliquely to be brought to the same focus with thow
rays which meet it more directly, and henee contribeh
only to confuse the picture.

178. We may verify these remarks by bnﬂ
gradually towards the eye a printed page with
letters. 'When the letters are within two or thres
inches of the eye, they are blended together and mo- [
thing is seen distinctly. If we now make 8 pin-hole
through a piece of paper, and look at the same letters
through this, we find them rendered far more distinet
than before at near distances, and Jlarger than ordina-
ry. Their greater distinctness is owing to the exclu
sion of those oblique rays which, not being brought by
the eye to the same focus with the central rays, only
tend to confuse the image formed by the latter. As

177. Define the microscope. What is the simplest form of the mi-
croscope? _Its effect upon the letters of a book. What is the limit of §
dli;'StiYMt vision? Why do objects appear indistinct when neerer thaa §
this : :

B le i . . i
T what i he reator atommoss wing -The sncroused eichomer?
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only the central rays of each pencil can enter so small
an orifice, the picture is made up chiefly of the axes
of all the pencils. ' These occupy each a separate
point in the image, a point where no other rays can
reach, The increased magnitude of the letters is owing
to their being seen nearer than ordinary, and thus un-
der a greater angle, and of course magnified.
179. A convex lens acts much on the same princi-
ples, but is still more effectual. It does not exclude
the oblique rays, but it diminishes their obliquity so
much as to enable the eye to bring them to a focus,
at the distance of the retina, and thus makes them con-
tribute to the brightness of the picture. The object is
magnified, as before, because it is seen nearer, and
consequently under a larger angle, so that the eye can
distinctly recognize minute portions of the object,
which were before invisible, because they did not oc-
cupy a sufficient space on the retina. Lenses have
greater magnifying power in proportion as the convex-
ity is greater, and of course the focal distance less.
Since the magnifying power of the microscope arises
from its enabling us to see objects nearer and under a
larger angle, that power is increased in proportion as
the focal distance is less than the limit of distinct vis-
ion. The latter being five inches, a lens which has
a focal distance of one inch, by enabling us to see the
_object five times nearer, enlarges its length and breadth
each five times, and its surface twenty-five times.
Lenses have been made capable of affording a distinct
image of very minute objects, when their focal dis-
tances were only one-sixtieth of an inch. In this case,
the magnifying power would be as one-sixtieth to five ;

179. Explainthe mode in which a convex lens acts. Why it makes
objects appear brighter and lufer. What lenses have the greatest
magnifying power? Power of a lens of one inch focus—of one sixtieth

an inch focus.
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or it would mg::f‘y the length and ‘breadth each

times, and the surface 90 oo%mume- S !
180. The Magic Lantern and Solar '~

their astonishing effects tothe ™ =~~~ ¢ ;
simple lens. en the imageso =
object in magnitude, were the object only
by the common light of day, when it came
sed over 80 great a space, it would be
the image would be obscure and - 2
The two instruments just nn.med, lmn i
ratus connected with tﬂe ma T
to illuminate the object highly, tlmt o
that proceed from it and form t.he cnlargod ‘

- spread over 8o great a space, they may
cient to render the image bright and

Fig. 92.

181. In the Magic Lantern, the illumination is‘ 3
forded by a lamp, the light of which is reflected
a concave mirror placed behind it, which makes ”7‘
light on that side return to unite with the direct

180. To what are the effects of the Magic Lantem and the S&‘
Microscope owing? Use of all the other parts of the apparatus, !
the magnifier ? \

181. How is the illumination effected in the maflc lantera?! De
cribe Fig. 92. What sorts of objects are exhibited \
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of the lamp, so that both fall on a large lens which col-
lects them upon the object, thus strongly illuminating
it The foregoing diagram exhibits such a lantern,
i where the concave mirror behind is seen to reflect
back the light to unite with that which proceeds di-
tectly from the lamp, so that both fall on the large con-
vex lens at C, which collects them upon the object at
B. This is usually painted in transparent colors on
, and may be a likeness of some individual, small
mthe picture, but when magnified by the lens, A, and
the image thrown on a screen or wall, F, will appear
as large as life, and in strong colors ; or the objects
my be views of the heavenly bodies, which are thus
oflen rendered very striking and interesting ; or they
:Lillustrate some department of natural history, as
irds, fishes, or plants.

182. The Solar Microscope is the same in princi-
ple with the Magic Lantern, but the light of the sun
mstead of that of a lamp is employed to illuminate the
object. As a powerful light may thus be commanded,
‘very great magnifiers can be employed ; for if the ob-
ject is highly illuminated, the image will not be feeble
or obscure when spread over a great space. By means
of this instrument, the eels in vinegar, which are usu-

fllly so small as to be invisible to the naked eye, may
ibe made to appear six feet in length, and, as their mo-
itions a8 well as dimensions are magnified, they will
'sppear to dart about with surprising velocity. The
fmest works of art, when exhibited in this instrument,

exceedingly coarse and imperfect. The eye

a finished cambric needle appears full of rough pro-

; the blade of a razor looks like a saw ; and
finest muslin exhibits threads as large as the cable
aship. Thus, the small and almost invisible insect

182, Solar Microscope, how it differs from the Magic Lantern—
%ﬁrmﬂiﬁemmbemd—? arance of the eels in vine-
do the works of art appear w small insectat
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represented in figure 93, gives out, when o
so few rays, that when spread over the large

of the image, the light would be too feeble to
the image visible; but, on strongly illuminating

Fig. 93.

Y /N
Man

t
!nsect by concentrating upon it a large beam of
sun’s light, the image becomes distinctand
although perhaps a million times as large as the !
Even the minute parts of the insect, as the hairs on
legs, are revealed to us by the microscope.

]

\
Skc. 5. Of the Telescape. ﬁ‘

183. The Telescope is an instrument employed

viewing distant objects. It aids the eye intwo
first, by enlarging the angle under which objects
seen, and, secondly, by collecting and convey'mg
the eye a ‘much larger amount of the li ht that
ceeds from the object, than would enter

pil. We first form an tmage of a dzstant objoct,
183. Define the 7 In what two ways does itaid
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-+ @%a00n, for example, and then magnify that image by a

“®wgicroscope. The image may be formed either by a

* €=oncave mirror or a convex lens, for both, as we have

+ @meen, form images. Although we cannot go to distant
©bjects, as the moon and planets, so as to view them
wnder the enlarged dimensions in which they would
®hen appear, yet by applying a microscope to the im-
age of one of those bodies, we may make it appear as

“wgft would do were we to come much nearer to it. To
: & microscope which magnifies a hundred times,

= m same thing as to approach a hundred times nearer
b the body.

L Fig
- 'ﬁ?ﬁ"l“

. 94,

¥ 184, Let A B C D represent the tube of the teles-
= cope. At the front end, or the end which is directed
towards the object, (which we will suppose to be the
Moon,) is inserted a convex lens, L, which receives
- the rays of light from the moon, and collects them into
the focus at «, forming an image of the moon. This
lmage is viewed by a magnifier attached to the end
BC. Thelens L is called the object-glass, and the mi-
croscope in B C the eye-glass. A few rays of light
only from a distant object, as a star, can enter so small

8Btate the main principle of this instrument. How may the image be
formed 7 How it brings objects nearer to us,
184. Describe the tel as d in Fig. 94. Point out

P

the object-glass, and the eye-glass. What isthe use of a \axye ooeen-
16

e BN S AL U I
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a space as the pupil of the eye ; but a lens
dia‘x)neter will cgrlgcﬂt a beam of light oqua.lm i
der of the same dimensions, and convey it to the e
The object glass merely forms an image of the obj
but does not magnify; the microscope or eye g
magnifies. By, these means, many cele
objects become distinctly visible, which would ¢
wise be too minute, or not sufficiently knminous, %
seen by us. A telescope like the foregoing, haw
simply an object glass and an eye glass, inverts
jects, since the rays cross each other before they §
the image. By employing more lenses, it may
turned back again, so to appear in jts natural posti
as is usually done in spy glasses, or the smaller te
scopes used in the day time. But, sinte. every.
absorbs and extinguishes a certain portion of the lighi
and since, in viewing the heavenly bodies, we usu
wish to save as much of the light as possible, aste},
nomical telescopes are constructed with these twe
glasses only.

185. Instead of the convex object glass, we msy
employ the concave mirror to form the image. Whes
the lens is used, the instrument is called a refractiag
telescope ; when a concave mirror is used, it is called
areflecting telescope. Large reflectors are more easily
made than large refractors, since a concave mirror may
be made of any size ; whereas, it is very difficult to
obtain glass that is sufficiently pure for this purpose
above a few inches in diameter, although Refractors
are more perfect instruments than Reflectors in pro-
portion to their size. Sir William Herschel, a grest
astronomer of England, of the last century, made a re-

glass? Which glass collects the light—which magnifies ? Can the
m';age be E;mde to appear erect? Why not done in the astronomicdl
telescope

185. Point out the distinction between refracting and reflecting telet
copes. Give an account of Herschel's greuk te\encope.
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seting telescope forty feet in length, with a concave
irror more than four feet in diameter. The mirror
one weighed nearly a ton. So large and heavy an
strument must require a vast deal of machinery to
ork it and to keep it steady; and accordingly, the
ime work surrounding it was formed of heavy tim-
18, and resembled the frame of a house. When one
the largest of the fixed stars, as Sirius, was enter-
g the field of this telescope, its approach was an-
munced by a bright dawn like that which precedes
e rising sun ; and when the star itself entered the
1d, the light was too dazzling to be seen without a
lored glass to protect the eye. "

The telescope has made us acquainted with innu-
erable worlds, many of which are fitted up in a style
far greater magnificence than our own. To the in-
resting and ennobling study of these, let us next di-
ct our attention.
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PART II.
ASTRONOMY.

~

CHAPTER 1.

DOCTRINE OF THE SPHERE.

DEFINITIONS—DIURNAL REVOLUTIONS.

186. ASTRONOMY is that science which treat
heavenly bodies. More particularly, its obje
teach what is known respecting the Sun, Moo
ets, Comets, and Fixed Stars; and also to exp
methods by which this knowledge is acquired.

187. Astronomy is the oldest science in the
but it was cultivated among the ancients chiefly
purposes of Astrology. Astrology was the art
telling future events by the stars. Its discipl
fessed especially to be able to tell from the app
of the stars at the time of any one’s birth, wha
be his course and destiny through life ; and, 1
ing any country, and public events, what w
their fate, what revolutions they would underg
wars and other calamities they would suffer,
good fortune they would experience. Visio

186. Define As-t-n-:momy—Wha—t"is— its object ?
187. Antiquity of the science—For what purpose was it
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this art was, it nevertheless led to the careful obser-
~vation and study of the heavenly bodies, and thus laid
the foundations of the beautiful temple of modern as-
tronomy.

188. Astronomy is a delightful and interesting study,
when clearly understood ; but it is very necessary to
3 clear understanding of it, that the learner should
think for himself, and labor to form an idea in his
mind of the exact meaning of all the circles, lines,
and points of the sphere, as they are successively
defined ; and if any thing at first appears obscure, he
may be assured that by patient thought it will clear
Up and become easy, and then he will understand the
great machinery of the heavens as easily as he does
that of a clock. * Patient thought,” was the motto of
Sir Isaac Newton, the greatest astronomer that ever
lived ; and no other way has yet been discovered of

Obtaining a clear knowledge of this sublime science.
189. Let us imagine ourselves standing on a huge
ball, (for such is the earth,) in a clear evening. Al-
though the earth is large, compared with man and his
works, yet it is very small, compared with the vast
extent of the space in which the heavenly bodies move.
When we look upward and around us at the starry
heavens, we must conceive of ourselves as standing
on a small ball, which is encircled by the stars on all
sides of it alike, as is represented over the leaf; and
‘we must consider ourselves as bound to the earth by
an invisible force, (gravity,) as truly as though we
were lashed to it with cords. We are, therefore, in
no more danger of falling off, than needles are of fall-

smong the ancients 7 Define astrology. What did its disciples pro-
fess 7 To what good did it lead ?

188. What is necessary to a clear understanding of Astronomy ?
‘What was the motto of Newton ?

189. Where shall we imagine ourselves standing? What is said of
the size of the earth ?  Are persons on the opposite side of the earth in

16
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ing from a magnet or loa;lsme, when area
to it on all sides. We must thul'flmhlnum X
to the idea that up and down are not absolute directioms] 2

Fig 96.

in space, but we must endeavor to make it seem to®

up in all directions from the o@nter of the earth, anl
down on all sides towards the center. If people @
the opposite side of the globe seem to us to have thes
heads downwards, we seem to them to have ours ia §
the same position ; and, twelve hours hence, we shal
be in their situation and they in ours. We see ba
half the heavens at once, because the earth hides the
other part from us; but if we imagine the earth
grow less and less until it dwindles to a point, so &
not to obstruct our view in any direction, then we
should see ourselves standing in the middle of a vast
starry sphere, encompassing us alike on all sides. It

danger of falling off7 What idea must we form of up and down ? How
should we view the heavens if the earth were 20 small as not to ob>
struct our view 7
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lew of the heavens that the astronomer bas
in the eye of his mind.

> are apt to bring along with us the first
s of childhood ; namely, that the sun, mooa,
re all fixed on the surface of the sky, which
: to be a real surface, like that of an arched
it it is time now to dismiss such childish
d 10 raise our thoughts to more just views
ition. Our eye-sight is so limited that we
inguish between different distances, except
rate extent; beyond, all objects seem to us
: distance, whether they are a hundred or a
es off. The termination of this extent of
being at equal distances on all sides of us,
to stand under a vast dome, which we call
The azure color of the sky, when clear, is
e than that of the atmosphere itself, which,
»rless when seen in a small volume, betrays
liar to itself when seen through its whole
Tere it not for the atmosphere, the sky would
:k, and the stars would seem to be so many
1a black ground.

r the purpose of determining the relative
" places, both on the earth and in the heav-
arious circles of the sphere are devised;
contemplating the sphere marked up as ar-
‘esentations of it are, we must think of our-
tanding on the earth, as on a point in the
undless space, and see, with our mental
ure sphere of the heavens, undefaced with
ude lines. If we could place ourselves on

———
erroneous conceptions are we apt to form in childhood of
« and stars? Impossibility of distinguishing different
1eeye. Under what do we appear tostand ? To what
or of the sky owing ?

1at purpose are the circles of the sphere devised ? What
fore studying the artificial representations of the \;’b’u 1
and on ope of the stars what should wesee? When do
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any one of the stars, we should see a starry fir
over our heads, similar to that we see now. 1]
though we obtain the most correct and agreea
well as the most sublime views of the heavenly|
when we think of them as they sre in nature—
scattered at great distances from each other, il
boundless space—yet we cannot make much p
in the science of astronomy, unless we leam tk
ficial divisions of the sphere. Let us,therefor
turn our attention to these.

192. The definitions of the different lines,
and circles, which are used in astronomy,
Ppropositions founded on them, compose the doct
the sphere. Before these definitions are given,
attend to a few particulars respecting the mel
measuring angles. (See Fig. 96.) A line draw

: the center to the ¢
Fig. 96. ference of a ci
called a radius, 8
CB,orCK. A
of the circumfer
a circle is called
as AB,orBD. A
is measured by :
g included betwec
radii. Thus, in
96, the angle it
between the tw
C A and CB,

: the angle A C
measured by the arc A B. Every circle is
into 360 equal parts, called degrees; and any
A B, contains a certain number of degrees, ac:

we obtain the most agreeable and sublime views of the hea:
dies? What else is necessary to our progress ?

192. Define the doctrine of the sphere.  What is the radiu:

arc—an angle ? Explain by Fig 96. Into how n
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to its length. Thus, if an arc, A B, contains 40 de-
&rees, then the opposite angle is said to be an angle
of 40 degrees, and to be measured by A B. But this
arc is the same part of the smaller circle that E F is
of the greater. The arc A B, therefore, contains the
mame number of degrees as the arc E F,-and either
may be taken as the measure of the angle ACB. As
the whole circle contains 360 degrees, it is evident
that the quarter of a circle, or quadrant, contains 90
degrees, and that the semi-circle contains 180 degrees.

193. A section of a sphere, cut through in any di-
wection, is a circle. Great circles are those which
pass through the centre of a sphere, and divide it into
two equal hemispheres. Small circles are such as do
mot pass through the center, but divide the sphere into
two unequal parts. This distinction may be easily
exemplified by cutting an apple first through the cen-
ter, and then through any other part.* The first sec-
tion will be a great, and the second a small circle.
‘The axis of a circle is a straight line passing through
its center at right angles to its plane. If you cuta
circle out of pasteboard, and thrust a needle through
the center, perpendicularly, it will represent the axis
of the circle. The pole of a great circle, is the point
on the sphere where its axis cuts through the sphere.
Every great circle has two poles, each of which is
every where 90 degrees from that circle. All great
circles of the sphere cut each other in two points, di-
ametrically opposite, and consequently their points of

*It is strongly recommended that young learners be taught to verify the
Refinitions in the here d

prop

is every circle divided? Does the arc of a small circle contain
same number of degrees as the corresponding arc of a large circle ?
How many degrees in a quadrant—in a semi-circle ?
193. What figure does any section of a sphere produce? Define
eat circles—small circles. {Iow may this distinction be exemplified ?
geﬁne the axis of a circle—the pole. How many poles has every
great circle? How many degrees is the pole from the circumierenca
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section are 180 degrees apart. -Thus, if we cut ¢
apple through the eenter, in two different directic
we shall find that the points where the circles int
sect one another, are directly opposite to each ot
and hence the distance between them is ‘half
the apple, and, of course, 180 degrees. A poiss.
the sp’i:en, 90 degrees distant from any greas cirely
the pole of that circle ; and every circle on the gk
drawn from the pole to the circumference of
cle, is at right angles to it. Such & circle is cal
secondary of the circle through whose pole it
194. In order to fix the position of any place, &
on the surface of the earth or in the heavens, botk
earth and the heavens are conceived 1o be dividel
separate portions, by circles which are imiagi
cut through them in various ways. The eerth;d
intersetted, is called the zerrestrial, and the hesvd
the celestial sphere. The great circles described
the earth, extended to meet the concave sphere of
heavens, become circles of the celestial sphere.
The Horizon is the great circle which dividest
earth into upper and lower hemispheres, and sepd
the visible heavens from the invisible. This is
rational horizon : the sensible horizon is a circle tou*f
ing the earth at the place of the spectator, and
bounded by the line in which the earth and sky se
to meet. The poles of the horizon are the senith 18
nadir. The zenith is the point directly over our headsj}’
the nadir, that directly under our feet. The plun
line, (such as is formed by suspending a bullet by
string,) coincides with the axis of the horizon,
consequently is directed towards its poles. Every

How does a great circle passing through the pole of another great cirdls
cut the circle? What is'such a circle callegql

. 194, How are the earth’and heavens conceived to be divided ? What
is the terrestrial, and what the celestial sphere 7 _How do terrestrill
circles become celestial 7 Define the horizon. Distinguish betwess
the rational and the sensible horizon. Define the zenith and madis.
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n the surface of the earth has its own horizon ;
e traveller has a new horizon at every step,
extending 90 degrees from him m every-di-

Vertical circles are those which pass through
es of the horizon, (the zenith and nadir,) per-
nlar to it. The Meridian is that vertical circle

passes through the north and south points.
rime Vertical, is that vertical circle which passes
1 the east and west points. The altitude of a
ly body, is its elevation above the horizon,
'ed on a vertical circle ; the uzimuth of a body
istance, measured on the horizon, from the me-
to a vertical circle passing through that body ;
e amplitude of a body is its distance, on the
1, north or south of the prime vertical.

In order to make these definitions intelligible
niliar, I invite the young learner, who is anx-
acquire clear ideas in astronomy, to accompany
ne fine evening under the open sky, where we
ve an unobstructed view in all directions. A

: sea would afford the best view for our purpose, -
evel plain of great extent will do very well.
rry the eye all round the line in which the sky
to rest upon the earth: this is the horizon. I
line with a bullet suspended, and this shows
: true direction of the axis of the horizon; and
upwards in the direction of this line to the ze-
irectly over my head, and downwards towards
lir. If I mark the position of a star exactly in
1ith, as indicated by the position of the plumb-

s what points is the plumb line directed? How many hori-
« be imagined ?

Jefine vertical circles—the meridian—the prime vertical—al-
szmuthphtude

Nhat is in order to make these definitions intellizibla
liar? &hnntualmnw ould afford the beat view ?

shall successively denote the por
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line, and then turn round and look upward towards
zenith, I shall probably not see the star, because I
not look high enough. Most people will find, if
first fix uporta star as being in the zenith when th
faces are towards the south, and then turning round
the north, fix upon another star as near the zeni
(without reference to the first,) they will find that
two stars are several degrees apart, the true zeni
being half way between them. This arises from
difficulty of looking directly upwards. ,
197. Having fixed upon the position of the zeni
I will point my finger to it, and carry the finger do
to the horizon, repeating the operation a number
times, from the zenith to different points of the hork
zon: the arcs which my finger may be conceived
trace out on the face of the sky, are arcs of verti
circles. I will now direct my finger towards the
north point of the horizon, (having previously se
certained its position by a compass,) and carry it gr
wards through the zenith, and down to the south point
of the horizon: this is the meridian. From th
south point, I carry my finger along the horizon, firé
towards the east, and then towards the west, and[
measure off arcs of azimuth. I might do the same
from the north point, for azimuth is reckoned east and
west from either the north or the south point. I wil
again direct my finger to the western point of the hoti-
zon, and carry it upwards through the zenith to the
east point, and I shall trace out the prime vertical
Trom this, either on the eastern or the western side,
if I carry my finger along the horizon, north and south,
I shall trace out arcs of amplitude. I will finally fix

zon—the zenith and nadir. Difficulty of looking directly to the z&

nith.
197. How to mark out with the finger vertical circles—the menidi-
:ln—a;e('?’ of azumuth—the prime vertical—arcs of amplitude—arcs o
titu
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on a certain bright star, and try to determine
it is above the horizon. This will be its alti-
t appears to be about one third of the way
horizon to the zenith ; then its altitude is 30
But we are apt to estimate the number of
near the horizon too large, and near the zenith
1, and therefore I look again more attentively,
some allowance for this source of error, and
the altitude of the star to be about 27 degrees,
:ourse its zenith distance 63 degrees.
The Auxis of the earth, is the diameter on which
h is conceived to turn in its daily revolution
st to east. The same line continued until it
1e concave of the heavens, constitutes the axis
elestial sphere. We will take a large round
nd run a knitting-needle through it in the di-
of the eye and stem. The part of this that
in the apple, represents the axis of the earth,
»rolongation (conceived to be continued to the
> axis of the heavens. We do not suppose
re is any such actual line on which the earth
ny more than there is in a top on which it
»ut it is neyertheless convenient to imagine
ine, and to represent it by a wire.* The poles
irth are the extremities of the earth’s axis;
s of the heavens are the extremities of the ce-
xis. .
The Egquator is a great circle, cutting the axis
arth at right angles. The intersection of the
"the equator with the surface of the earth, con-

nce shows that it is_necessary to guard young learners from the
»posing that our artifieial representations of the sphere aciually
wungs as they ure in nature.

fine the axis of the earth—axis of the celestial sphere. How
»presented by means of an apple ? Is there any such actual
ich the earth turns 7 Distinguish between the poles of the
the poles of the heavens.

17
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stitutes the terrestrial, and its intersection with
concave sphere of the heavens, the celestial
We have befors seen (Art. 195) that every place oa
earth has its own horizon. Wherever one
the earth, he seems to be in the center of sci
which bounds his view. If he is at the equator,
circle passes through both the poles; or, in-
words, at the equator the poles lie in the hor
Let us imagine ourselves standing there on the
of March, when the sun rises due east and sels
west, and appears to move all day in the .
equator, and let us think how it would seem to see
sun, at noon, directly over our heads, and at'ni
see the north star just glimmering on the north
of the horizon. If we sail northward from the
tor, the north star rises just as many degrees above
horizon as we depart from the equator ; so that by
time we reach the part of the globe where weli
the north star has risen almost half way to the zeaill
and the axis of the sphere which points towards
north star, seems to have changed its place as we bsw
changed ours, and to have risen up so as to make
large angle with the horizon, and the sun no
mounts to the zenith at noon.

200. Now it is not the earth that has shifted its p»
sition ; this constantly maintains the same place, sl
s0 does the equator and the earth’s axis. Our horis!
it is that has changed ; as we left the equator, a nev:
horizon succeeded at every step, reaching constantly
farther and farther beyond the pole of the earth, &
dipping constantly more and more below the celestisl
pole ; but being insensible of this change in our ho

199. Define the equator. Distinction between the terrestrial aad
the celestial equator. Where do the poles of the equatorlie ? How
would the sun appear to move to a spectator on the equator?
would the north star appear? How, when we sail northward fromthe
equator 7 What apparent change inthe eartiVs axis ?

200. What has caused these changes? 1§ we 2l opie \nwwsth
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the pole it is that seems to rise, and if we were
1 quite to the north pole of the earth, the north
vould be directly over our heads, and the equator
1 have sunk quite down to the horizon; and now
un, instead of mounting up to the zenith at noon,
kims along the horizon all day ; and, at night, at
ms of the year when the sun is south of the equator,
e stars appear to revolve in circles parallel to the
on, the circles of revolution continually growing
as we look higher and higher, until those stars
h are near the zenith scarcely appear to revolve
. Those who sail from the equator towards the
and see the apparent paths of the sun and stars
ge so much, can hardly help believing that those
s have been changing their courses ; but all these
irances arise merely from the spectator’s chang-
is own horizon, that is, constantly having new
which cut the axis of the earth at different
18,
1. The Latitude of a place on the earth, is its dis-
+ from the equator, north or south. The Longi-
of a place is its distance from some standard
lian, east or west. The meridian usually taken
e standard, is that of the Observatory of Green-
, near London ; and when we say that the longi-
of New York is 74 degrees, we mean that the
lian of New York cuts the equator 74 degrees
of the point where the meridian of Greenwich
it. .
2. The Ecliptic is the great circle in which the
performs its annual revolution around the sun.
3ses through the center of the earth and the cen-
" the sun. It is found by observation, that the
does not lie with its axis perpendicular to the

where will the north star appear? Where the equator? How
the sun and stars appear to revolve in theirdaily progresa®
Define the latitude of a place on the earth—he \ongy

ace is it reckoned ?
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plane of the ecliptic, so as to make the o

+ cide with it, but that-it is turned’ about 23} d
out of a perpendicular direction, miking an angle
the plane itself of 66& degrees. - Theé equaitor,

fore, must be turned the same distance out of s coi
cidence with the ecliptic, the two circles making
angle with each other of 23} do'guu. The Equt

tial Points, or Equinoxes, are the poiots where
ecliptic and equator cross each other. The time

the sun crosses the equator in going morthward S
called the vernal, and in returning seuthward, the
tumnal equinox. The vernal equinox -Gccurs sbi
the 218t of March, and the atitumnal about the 234
of September. The Solstitial Points are the f
points of the ecliptic most distant from the eque
The times when the sun comes to them are called
Solstices. The summer solstice occurs about the
of June, and the winter solstice about the 22d of
cember.

203. The ecliptic is divided into twelve equal pll'?
of 30 degrees each, called Signs, which, beginning
the vernal equinox, succeed each other in the follow-
ing order, being each distinguished by characters ot
symbols, by which the student should be able tore!
cognize the signs to which they severally belong’
whenever he meets with them. '

1. Aries, r 7. Libra, =
2. Taurus, bo] 8. Scorpio, m
3. Gemini, II 9. Sagittarius, !
4. Cancer, % 10. Capricornus, V3
5. Leo, sSL 11. Aquarius, o~
6. Virgo, m 12. Pisces. ¥*

202. Define the ecliptic. What is the angle of inclination of the
ecliptic to the equator?  What are the equinoctial points or equinas-
es—the vernal equinox—the Autumnal—the solstitial poinu—ea)e ook
stices. When do they occur ? |

203. How is the ecliptic divided\ Weame the wigna of the sodis
and recognize each by its character.
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t. The position of a heavenly body is referred
its right ascension and declination, as in Geog-
we determine the situation of places by their
les and longitudes. Right Ascension is the an-
distance from the vernal equinox, reckoned on the
ial equator, as we reckon longitude on the ter-
il equator, from Greenwich. Declination is the
ce of a body from the celestial equator, either
or south, as latitude is counted from the terres-
.quator. Celestial Longitude is reckoned on the
ic from the vernal equinox, and celestial Latitude
he ecliptic, north or south.
5. Parallels of Latitude are small circles paral-
the equator. They constantly diminish in size,
+ go from the equator to the pole. The Tropics
1e parallels of latitude which pass through the
es. The northern tropic is called the tropic of
or; the southern, the tropic of Capricorn. The
Circles are the parallels of latitude that pass
sh the poles of the ecliptic, 23} degrees from
oles of the earth. That portion of the earth
1 lies between the tropics on either side of the
or, is called the Torrid Zone; that between the
s and the polar circles, the Temperate Zone ; and
etween the polar circles and the poles, the Fri-
‘one. The Zodiac is the part of the celestial
e which lies about eight degrees on each side
> ecliptic. This portion of the heavens is thus
:d off by itself because the paths of the planets
onfined to it.
5. After having endeavored to form the best idea
i of the circles, and of the foregoing definitions

Define right ion—declinati lestial longitude—ce-
latitude. . :
Parallels of latitude. How do they change as we go from the

:7  The tropics—polar circles—torrid zone—temperate zone—
.ones—zodiac.
17
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relating to the sphere, we shall derive much sid
inspecting an artificial globe, and seeing hew
various particulars are represented there. But
learner, however young, can with great
tage, the following easy device for himself. To
resent the earth, select a large apple, (a melon,

in season, will De found still better.) The eye
the stem of the apple will indicate the pesition of
two poles of the earth. Applying the thamb and
of the left hand to the poles, and holding the apple
that the poles may be in a north and ‘south line,
this little globe from west to east, and its motion
correspond to the daily motion of the earth. P
wire or a knitting needle through the poles, and it
represent the axis of the sphere. A circle cut
the apple half way between the poles, will be
equator ; and several other circles cut between
equator and the poles, parallel to the equator, will
resent parallels of latitude ; of which two, drawn
degrees from the equator, will be the tropics, and tv
others, at the same distance from the poles, will be
polar circles. 'The space between the tropics, on bok
sides of the equator, will be the torrid zone ; betwees
the tropics and polar circles, the two temperate zones;
and between the polar circles and the poles, the tw
Jrigid zones. A great circle cut round the apple, pass
ing through both poles, in a north and south directios,
will represent the meridian, and several other gres
circles drawn through the poles, and, of course, per
pendicularly to the equator, will be secondaries to tht
cquator, constituting meridians, or hour circles. A
great circle, cut through the center of the apple, fron

266. After formingas clear an idea as we can of the divisions of th
sphere, to what aids shall we resort ? How shall we represent ti
euith—its poles—the daily motion—axis—equator—parallels of lat
tude—tropics—polar circles—zones—meridians or hour circles
slices—equinoctial pointa
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«aue tropic to the other, would represent the plane of
e ecliptic, and its intersection with the surface of the
=apple, would be the terrestrial ecliptic. The points
-where this circle meets the tropics, indicate the posi-
:tion of the solstices; and its intersections with the

rqmtor, the equinoctial points.

e CHAPTER II.

v
$ASTRONOMICAL INSTRUMENTS AND OBSERVATIONS.

' TELESCOPE~—TRANSIT INSTRUMENT—ASTBONOMIC% CLOCK—

M SEXTANT.

;. 207. Wherever we are situated on the surface of the
earth, we appear to be in the center of a vast sphere,
“on the concave surface of which all celestial objects
“sre inscribed. If we take any two points on the sur-
face of the sphere, as two stars, for example, and im-
‘agine straight lines to be drawn from them to the eye,
-the angle included between these lines will be meas-
wred by the arc of the sky contained between the two

Fig. 97.

points. Thus, if D B H, Fig. 97, represents the con-

" 207. How to measure the angular distance between two stars. Il-
gztgt} byfFig.B’l. ‘Why may we measure the angle on the small cir-
£ .
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cave surface of the sphere, A, B,mgmlmit,u x
two stars, and C A, C B, straight lines drawn from tha} -
spectator to those points, then the angular distance be:§
tween them is measured by the arc'A B, or the angh
A C B. But this angle may be measured on a
smaller circle, G F K, since the arc E F .will han,
the same number of degrees as the arc A B.

208. The simnplest mode of taking an angle
two stars, is by means of an arm opening at the jois
like the blade of a pen-knife, the end of the arm me
ving like C E upon the graduated circle G F K. Ja
fact, an instrument constructed on this principle, m:
sembling w carpenter’s rule with a folding joint, with
semi-circle attached, constituted the first rude
tus for measuring the angular distance between tw
points on the celestial sphere. Thus, the sun’s
vation above the horizon might be ascertained by’
cing one arm of the rule on a level with the horizm, ¥
and bringing the edge of the other into a line with the-§
sun’s centre. The common surveyor’s compass s
fords a simple example of angular measurement. Here b
the needle lies in a north and south line, while the cir |
cular rim of the compass, when the instrument is
level, corresponds to the horizon. Hence, the compass
shows the azimuth of an object, or how many degrees
it is east or west of the meridian. In several astro-
nomical instruments, the telescope and graduated cir-
cles are united ; the telescope enables us to see mi- §
nute objects or points, and the graduated circle enables
us to measure angular distances from one point to s
other. The most important astronomical instruments
are, the Telescope, the Transit Instrument, the Astro-
nomical Clock, and the Sextant.

208. What is the simplest mode of taking the angle between two
stars? Example of angular measurement by the surveyor’s compass. f*
‘What angle or arc does it measure? Why do some instruments unite
the telescope with a graduaked cixcle
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1. The Telescope has been already described and
nciples explained, (Art. 184.) We have seen that
i the eye in two ways: first, by collecting and
ying to the eye a larger beam of light than would
vise enter it, thus rendering objects more distinct,
nany visible that would otherwise be invisible
ant of sufficient light; and, secondly, by enlarg-
. angle under which objects are seen, and thus
ng distinctly into view such as are invisible,
scure to the naked eye from their minuteness.
' the telescope is used by itself, it is for obtain-
righter and more enlarged views of the heavenly
3, especially the moon and planets. With the
* kinds of telescopes, we obtain many grand and
sting views of the heavens, and see millions of
s revealed to us that are invisible to the naked

). The Transit Instrument (Fig. 98, p. 202,) isa
'ope firmly fixed on a stand, so as to keep it per-
-steady, and permanently placed in the meridian.
>bject of it is to determine when bodies cross the
ian, or make their ¢ransit over it; or, in other
3, to show the precise instant when the center of
venly body is on the meridian. The Astronom-
“lock is the constant companion of the transit in-
ent. This clock is so regulated as to keep exact
with the stars, which appear to move round the
from east to west once in twenty-four hours, in
quence of the earth’s turning on its axis in the
time from west to east. The time occupied in
:omplete revolution of the earth, (which is indi-
by the interval occupied by a star from the me-

How does the telescope aid the eye 7 When the telescope is

+ itself, for what purpose is it ? hat views do we obtain with
ser kinds of telescopes ?

Define the Transit Instrument. What is the object of it?
loes it show? What instrument accompanies it _With whak
2 astronomical clock keep pace T What occasions'Whe appezest
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ridimmundtothemeﬁdianagain, is called :
day. Itis, as we shall see he 1, shortel

Fig. 96.

solar day as measured by the return of the ¢
meridian, The astronomical clock is so reg
to measure the progress of a star, indicating
for every fifteen degrees, and twenty-four hot
whole period of the revolution of a star.
time commences when the vernal equinox
meridian, just as solar time commences whe
is on the meridian.

movement of the stars from east to west? Define a sidere
how many degrees does an hour correspond? When d
time commififice t
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211. Anything becomes a measure of time which
rides duration equally. The celestial equator, there-
‘e, is precisely adapted to this purpose, since, in the
ily revolution of the heavens, equal portions of it
ss under the meridian in equal times. The only
Ficulty is, to ascertain the amount of these portions
- given intervals. Now the astronomical clock shows

exactly this amount, for, when regulated to sidereal
ne, the hour hand keeps exict pace with the vernal
{uinox, revolving once on the dial plate of the clock
hile the equator turns once by the revolution of the
uth.  The same is true, also, of all the small circles
* diurnal revolution ; they all turn exactly at the same
te as the equator, and a star situated any where be-
veen the equator and the pole, will move in its diur-
il circle along with the clock, in the same manner as
wugh it were in the equator. Hence, if we note the
uerval of time between the passage of any two stars,
3 shown by the clock, we have a measure of the num-
erof degrees by which they are distant from each
ther in right ascension. We see now how easy it
I'to take arcs of right ascension: the transit instru-
lent shows us when a body is on the meridian ; the
ock indicates how long it is since the vernal equi-
)X passed it, which is the right ascension itself.
Tt.204.) Italso tells us the difference of right ascen-
’n between any two bodies, simply by indicating the
Terence in time between their periods of passing
3 meridian. T observed a star pass the central wire

the transit instrument (which was exactly in the
*ridian) three hours and fifteen minutes of sidereal
ne ; hence, as one hour equals fifteen degrees, three

t11. How may any thing become a measure of time? Why is the
cstial equator peculiarly adapted to this purpose? What is the
y difficulty 7 How does the astronomical clock show us what por-
nof the equator passes under the meridian? Do the parallels of
itude turn at the same rate with the equator? How dgyie mensars
: diffe of right ion between two stars, bry Weans ot W
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hours and a quarter must have equalle
groes and three quarters, which was t
sion of the star. Two hours and thre
wards, that is, at six hours sidereal t
another star. cross the meridian:. Its
must have been ninety degress, and ¢
difference of right ascension of the tw
a quarter degrees.

212. Again, it is easy to take the
bedy when on the meridian. By decli
recollect, is meant the distance of a
south of the celestial equator. When
ing the meridian line of the transit
point of the meridian towards which
directed at that instant, will be-shown ¢

- circle of the instrument, and the distar

from the zenith, subtracted from the
place of observation, will give the de
star. We have before seen, that when
the right ascensions and declinations
bodies, we may lay down their relative
map, just as we do those of places «
their latitudes and longitudes.

213. The Sextant is an instrument
the angular distance of one point from
celestial sphere. It is particularly va
uring celestial arcs at sea, because it
astronomical instruments, affected by
the ship. The principle of the sextan
described as follows: it gives the angt
tween any two objects on the celestia
flecting the image of one of the object

clock? Describe the mode of taking right ascensi
instrument and clock.

212. What is the declination of abody ? How
meridian ?

213. Fofwhat is the Sextant wedl Forw
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with the other object as seen by the naked eye.
arc through which the reflector is turned to brimg
sflected object to ceincide with the other ebject,
nes a measure of the angular distance between

The instrument is of a triangular shape, and

Fig. 99.

ade strong and firm by metallic cross-bars. It
two small mirrors, I, H, called, respectively, the
¢ glass and the horizon glass, both of which are
y fixed perpendicularly to the plane of the in-
1ent. The index glass is attached to the movable
I D, and turns as this is moved along the gradu-

le? State its principle. Describe the Sextant. Point out the
glass and the Horizon glass. State the use of the Wernier. De-
18
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ated limb, E F. This arm carrien & Virwierst I
contrivance which enables us to read off minule
of the q;om into which the limb i divided. *
horizon glass, H, consists of two pe éuth ;
being “transparent or open, 80 : ye
throggh the telescope, T, can mthmgh.gt ot
object, as a star, at S, while the lower part is a i}
tor. Suppose it were required to measure thef
tance between the moon and a certain star, the
being at Mﬂ’m snmde, star .th The instrumentis}
firmly in the 50 e eye, looking thee
the telescope, sees the star, S, through the trane
part of the horizon glass. , Then the movable
1 D, is moved from F towards E, until the image i}
is reflected down to S ; when the number of dug
and parts of a degree reckoned on the limb from’
the index at D, will show the angular distance
tween the two bodies. The altitude of the sun skl
the horizon, at any time, may be taken by looking 9"
rectly at the line of the horizon (which is well def
at sea) and moving the index from F towards E,u
the limb of the sun just grazes the horizon.

CHAPTER III.

BIDEREAL AND S80LAR DAYS—MEAN AND APPARENT TIME—HORI
TAL PARALLAX—LENGTH OF TWILIGHT IN DIFFERENT COUNT!

214. As time is a measured portion of indefinite
ration, any thing or any event which takes place
equal intervals, may become a measure of time. B
the great standard of time is the period of the reve

scribe the Horizon . Describe the mode of taking an observaif
with the Sextant. How to take the sor's witiknde.
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f the earth on its axis, which, by the most exact
vations, is found to be always the same. The
f the earth’s revolution on its axis, as already
ined, is called a sidereal day, and is determined
e apparent revolution of a star in the heavens.
interval is divided into twenty-four sidereal hours.
i. Solar time is reckoned by the apparent revolu-
f the sun from noon to noon, that is, from the
ian round to the meridian again. Were the sun
1ary in the heavens like a fixed star, the time of
parent revolution would be equal to the revolu-
f the earth on its axis, and the solar and sidereal
would be equal. But since the sun passes from
to east, in his apparent annual revolution around
urth, three hundred and sixty degrees in three
ed and sixty-five days, he moves eastward nearly
ree a day. While, therefore, the earth is turn-
1ce on its axis, the sun is moving in the same
ion, so that when we have come round under the
celestial meridian from which we started, we do
nd the sun there, but he has moved eastward
7 a degree, and the earth must perform so much
than one complete reyolution, before our meri-
:uts the sun again. Now, since we move in the
il revolution, fifteen degrees in sixty minutes,
ust pass over one degree in four minutes. It

therefore, four minutes for us to catch up with
in, after we have made one complete revolution.
e, the solar day is almost four minutes longer than
dereal ; and if we were to reckon the sidereal
venty-four hours, we should reckon the solar day
y-four hours and four minutes. To suit the pur-

Wl;at may become a measure of time ? What is the great
d of time ?

Distinguish between sidereal and solar time. Why are the solar
1ger than the sidereal ? How much longer? It we count the
\y twenty-four hours, how long is the sidereal day %
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poses of society at large, however, it is found mow
cenvenient to reckon the solar day twenty-four houn
and throw the fraction into the sidereal day. Thes,
24h 4m : 24h :: 24¢h : 233h 56m 4s.
That is, when we reduce twenty-four hours and
minutes to twenty-four hours, the same ;
require that we reduce the sidereal day'fmm
four hours to twenty-three hours fifty-six ininutes f
seconds ; or, in other words, a sidereal day is suck
part of & solar day.

216. The solar days, however, do not always
from the sidereal by precisely the same fraction,
they are not constantly of the same length. Tims,
measured by the stn, is called apparent time, and
clock so regulated as always to keep exactly with
sun, is said to keep apparent time. But as the sus
his apparent motion round the earth once a year, goés
sometimes faster and sometimes slower, a clock which
always keeps with the sun must vary its motion ac-
cordingly, making some days longer than others. The
average length of all the solar days throughout the year,
constitutes Mean Time. Clocks and watches are com-
monly regulated to mean time, and therefore do not
keep exactly with the sun, but are sometimes faster
and sometimes slower than the sun. If one clock is
so constructed as to keep exactly with the sun, and
another clock is regulated to mean time, the difference
between the two clocks at any period is the eguation
of time for that period. The two clocks would differ
most about the third of November, when the apparent
time is sixteen and a quarter minutes faster than the
mean time. But since apparent time is at one time
greater and at another less than mean time, the two

216. Do the solar days always differ from the sidereal by the sam®
fraction? Wha is apparenttime? When is a clock said to knpsk

!

parent g¢ime ? What constitutes mean time ? How are clocks
watches commonly regulatedt Whetis the equation of time ? Whes
would the two clocks differ moat, andbow N\ Wosnwwld they
be together ?
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must obviously be sometimes equal to each other.
This is the case four times a year ; namely, April 15th,
June 15th, September 1st, and December 24th.

217. As a day is the period of the revolution of the
earth on its axis, so a year is the period of the revolu-
tion of the earth around the sun. This time, which
constitutes the astronomical year, has beén ascertained
with great exactness, and found to be 365d. 5h. 48m.
51sec. The ancients omitted the fraction and reck-
oned it only 365 days. Their year, therefore, would

| end about six hours before the sun had completed his
apparent revolution in the ecliptic, and, of course, be
#0 much too short. In four years they would disagree
! awhole day. This is the reason why every fourth
! year is made to consist of 366 days by reckoning 29
. days in February instead of 28. This fourth year the
" ancients called Bissextile—we call it Leap year.

/ Fig. 100.
0O P

B A
. 218. PARALLAX is the apparent change of place whick
objects undergo by leing viewed from different points.

217. What period is ayear? What is its exact length? How long
did the ancients reckon it 7 Explain why ‘every fourth year is reck-
oned 366 days. 18"
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218. Define parallax. Where do all objects at a c
pear to be ro%ev}lcwd ? How is the same body project
8pectators en have objects a la.rie and when a

at is said of the fixed stars? Of the moon? W,
mers consider the true place of a body?
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9. The change of place which a body seen in the
‘on, by & spectator on the surface of the earth,
d undergo if viewed from the center, is called
‘ontal parallaz. Although we cannot go to the
or of the earth to view it, yet we can determine
1e aid of geometry where it would appear if seen
the center, and hence we.can find the amount of
10rizontal parallax of a heavenly body, as the sun
oon. When we know the horizontal parallax of -
wenly body, we can ascertain its distance from us;
he method of doing this cannot be clearly under-
1 without some knowledge of trigonomotry.
'0. REFRACTION is a change of place which the
enly bodies seem to undergo, in consequence of the
tion of their light being altered in passing through
itmosphere. As a ray of light traverses the atmos-
e, it is constantly bent more and more, by the re-
ion of the atmosphere, out of its original direction.
ran object always appears in that direction in which
ight from it finally comes to the eye. By refrac-
therefore, the heavenly bodies are all made to ap-
higher than they really are, especially when they
near the horizon. The sun and moon, when near
g or setting, are elevated by refraction more than
: whole diameter, so that they appear above the
zon both before they have actually risen and after
have set.
}1. TwiLieHT is that illumination of the sky which
t place before sunrise and after sunset, by means of
th the day advances and retires by a gradual in-
se or diminution of the light. While the sun is
in eighteen degrees of the horizon, some portion

. V{hnishorizonhlpamllax'l ‘What use is made of horizontal

ax
. Define refraction. How is a ray of light affected by mvenin’
mosphere ? How does refraction affect the apparent places o
avenly bodies 7 What is said of the sun and maon?
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of its light is conveyed to us by means of th
ous reflexions from the atm . At the
where the circles of daily motion are perpen
the horizon, the sun descends through oiﬁll
grees in an hour and twelve minutes.
countries, therefore, the l:ﬁl:t of day rapidly
and as rapidly advances after daybreak in t
ing. At the pole, a constant twilight is en:ng
the-sun is within eighteen degrees of the ho
cupying nearly two thirds of the half year, 1
direct light of the sun is withdrawn, so thas
gress from continual day to constant night is
ingly gradual. To an inhabitant of one of th
rate zones, the twilight is longer in proporti
place is nearer the elevated pole.

CHAPTER IV.
THE SUN.

DISTANCE—MAGNITUDE—QUANTITY OF MATTER—-8POT!
AND CONSTITUTION—REVOLUTIONS8—SEASONS

222. The distance of the sun from the eart]
ninety-five millions of miles. Although, by
the sun’s horizontal parallax, astronomers h
able to find this distance in a way that is entitl
fullest confidence, yet such a distance as 9¢
of miles seems almost incredible.  Still
small compared with the distance of the fix
Let us make an effort to form some idea of
distance, which we shall do best by gradual a
estoit. We will then begin with sv small a

221. Define twilight. How faris the sun below the ho
twilight ceases 7 How isit at the equator—at the poles—
middle latitudes ?

222, Distance of the sun from the earth. Tow doenitey
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8 that across the Atlantic ocean, and follow in mind
- ship, as she leaves the port of New York, and after
wenty days’ sail reaches Liverpool. Having formed
he best idea we can of this distance, we may then
eflect, that it would take a ship, moving constantly at
he rate of ten miles an hour, more than a thousand
‘ears to reach the sun.

'223. The diameter of the sun is towards a million
f miles; or, more exactly, it is 885,000 miles. One
undred and twelve bodies as large as the earth, lying
ide by side, would be required to reach across the
olar disk; and our ship, sailing at the same rate as
efore, would be ten years in passing over the same
pace. Immense as is the sun, we can readily under-
tand why it appears no larger than it does, when we
eflect that its distance is still more vast. Even large
»bjects on the earth, when seen on a distant eminence,
or over a wide expanse of waters, dwindle almost to a
point. Could we approach nearer and nearer to the sun,
it would constantly expand its volume until it finally
filled the whole sky. We could, howefer, approach
but little nearer the sun than we are, without being con-
sumed by his heat. Whenever we come nearer to any
fire, the heat rapidly increases, being four times as
great at half the distance, and one hundred times as
great at one tenth the distance. This factis express-
ed by saying, that heat increases as the square of the
distance decreases. Our globe is situated at such a
distance from the sun, as exactly suits the animal and
vegetable kingdoms. Were it either much nearer or
more remote, they could not exist, constituted as they
are. The intensity of the solar light also follows the

#hat of the fized stars ? Effor to form an idea of great distances. How
%mg would it take a ship, moving ten miles an hour, to reach the sun ?
223. Diameter of the sun. How many bodies like the earth would it
tke o reach across the sun ? How long the ship to sail over it?
Why it ;]:})em no larger? How would it appear could we approech
eayer and nearerto it 7 How is the intensity of hieak propotinned w
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same law. Consequently, were we much nearert
sun than we are, its blaze would -be insufferable;
were we much farther off, the light would be toe d
to serve all the purposes of vision. .

224. The sun is one million four bundred thous
(1,400,000) times as large as the earth; but its n
ter is only about one fourth as dense as. that of
earth, being only a little heavier than water, while
average density of the earth is more than five th
that of water. Still, on account of the immense m
nitude of the sun, its guantity of matter is 354,
times as great as that of the earth. . Bodies we
weigh about twenty-eight times as much at the surf
of the sun as they do on the earth. Hence, 8 1
weighing three hundred pounds would,.if
the surface of the sun, weigh 8,400 pounds, or nes
three tons and three quarters. A man’s limb, weigh
forty pounds, would require to lift it a force of 1,]
pounds, which would be beyond the ordinary powe
the muscles. At the surface of the earth, a body fi
from rest by the force of gravity, in one second, 1(
feet; but at the surface of the sun, a body would,
the same time, fall through 449 feet.

225. When we look at the sun through a telesco
we commonly find on his disk a greater or less m
ber of dark places, called Solar Spots. Sometin
the sun’s disk is quite free from spots, while at ot
times we may see a dozen or more distinct clust
each containing a great number of spots, some la
and some very minute. Occasionally a single spo
80 large as to be visible to the naked eye, especit

the distance ? Were the earth nearer the sun, what would be
consequence 7 How would its light incgease ?
224. How much larger is the sun than the earth? How much gre
is its quantity of matter? How much more would bodies weigh a!
sun that at the earth 7 How much would a man of three hun
pounds weigh? Through what space would a body fall in a secox
225. Solar spots—their number—eize of the \argest—their apps
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1 the sun is near the horizon, and the glare of his
is taken off. Spots have been seen more than
)0 miles in diameter. They move slowly across
sentral regions of the sun. As they have all a
oon motion from day to day across the sun’s disk ;
sy go off on one limb, and, after a certain interval,
times come on again on the opposite limb, it is
red that this apparent motion is imparted to them
1 actual revolution of the sun on his axis, which
complished in about twenty-five days. This is
1 the sun’s diurnal revolution, while his apparent
'ment about the earth once a year is called his an-
revolution.
6. We have seen that the apparent revolution of
ieavenly bodies, from east to west, every twenty-
hours, is owing to a real revolution of the earth
3 own axis in the opposite direction. This mo-
is very easily understood, resembling,as it does,
pinning of a top. We must, however, conceive
© top as turning without any visible support, and
8 resting in the usual manner on a plane. The
al motion of the earth around the sun, which gives
lo the apparent motion of the sun around the earth
8 year, is somewhat more difficult to understand.
n, as the string is pulled, the top is thrown for-
. on the floor, we may see it move onward (some-
3 in a circle) at the same time that it spins on its
Let a candle be placed on a table, to represent
un, and let these two motions be imagined to be
1 to a top around it, and we shall have a case
swhat resembling the actual motions of the earth
ad the sun.

18—revolution of the sun?  Distinction between the diurnal and
1 revolutions of the sun.

To whatis the apparent daily motion of the sun from east to west
?7 How to conceive of it? How to conceive of the annual ma~
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. 237. When bodies are at such a distanice fro
other a8 the earth and sun, a spectator on eithe
pmjeotthootherbodyngontho’fteoof the sky,
soeing it on the opposite side of a great cin
bundred and eighty degrees from himself. 1
.
. 1 ..;"". *."‘,
"lq-*‘ ' 'r! L

. . +°F
£+, + 5 +t =
v

102 represent the relative positions of the et
sun, and the firmament of stars. A spectato
earth at P, (Aries,) would see the sun in the ]
at =, (Libra ;) and while the earth was movi:
P to %, (Cancer,) not being conscious of o
motion, but observing the sun to shift his a
place from == to V3, (Capricornus,) we shoul
bute the change to a real motion in the sun, ai
that the sun revolves about the earth once a y«
not the earth about the sun. Although astro
have learned to correct this erroneous impress
they still, as a matter of convenience, speak
sun’s annual motion.

227. How would a spectator on the sun ot the caxth, ¢
other body 7 Ilustrate by the Figure.
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228. In endeavoring to obtain a clear idea of the
revolution of the earth around the sun, imagine to
yourself a plane (a geometrical plane, having merely
length and breadth but no thickness,) passing through
the centers of the sun and earth, and extended far be-
yond the earth until it reaches the firmament of stars.
T his is the plane of the ecliptic; the circlé in which
It seems to cut the heavens is the celestial ecliptic ; and
Jhe path desribed by the earth in its revolution around
Jhe sun, is the earth’s orbit. This is to be conceived
»f as near to the sun compared with the celestial eclip-
X&c, although both are in the same plane. Moreover,
Sve project the sun into the celestial ecliptic, because
Lt seems to travel along the face of the starry heavens,
mince the sun and stars are both so distant that we
annot distinguish between them in this respect, but
wee them both as if they were situated in the imagin-
wry dome of the sky. If the sun left a visible trace
©n the face of the sky, the celestial ecliptic would of
«ourse be distinctly marked on the celestial sphere, as
Nt is on an artificial globe; and were the celestial
equator delineated in a similar manner, we should
shen see, at a glance, the relative position of these two
«<ircles ; the points where they intersect one another
eonstituting the eginoxes; the points where they are
at the greatest distance asunder, being the solstices ;
and the angle which the two circles make with each
ether, (23° 28',) being the obliguity of the ecliptic.

229. As the earth traverses every part of her orbit
in the course of a year, she will be once at each sol-
stice, and once at each equinox. The best way of

228. To obtain a clear idea of the revolution of the earth around the

.. #m, what device shall we empl‘%‘? What is the plane of the ecliptic ?
¢ What the celestial ecliptic ? What the earth’s orbit? Into what do

we Emject the sun? ﬁ" the sun left a visible track, what would

mukout? Ifthe celestial $uawr were delineated in the same w

what would it mark out 7 Where would be the equine~ =

Rices 7 What is the obliquity?

19
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obtaining & correct idea of her two motions, is te com
ceive of her as standing still a single day, at sosm
point in her orbit, until she has turned onge on hs.
axis, then moving about a degree, and halting agss
until another diurnal revolution is completed.. Letx
suppose the earth at the Autumnal equinex, the sun,,
course, being .at the Vernal equingx.. .S
earth to stand still in its orbit for twenty-four heus
The revolution of the earth on its axis, in this pezii
from west to east, will make the sun_appear to -
scribe a great circle of the heavens from east to wy
coinciding with the equator., At the end of this tii
suppose tin sun to move northward one degree irx,
orbit, and to remain there twenty-four hours, in wl'y
time the revolution of the earth will make the gumrs
pear to describe another circle from east to westsy
a little north of the equator. Thus, we may cone o
of the sun as moving one degree in the northerrm—
of its orbit, every day, for about three months,
he will reach the point of the ecliptic farthest
the equator, which point is called the tropic, il
Greek word signifying to turn ; because, az: g -7
has passed this point, his motion in his orbit &
him continually towards the equator, and there£on
seems to turn about. The same point is also cajy
the solstice, from a Latin word signifying to stand s,
since, when the sun has reached its greatest northey
or southern limit, he seems for a short time stationy,
with regard to his annual motion, appearing for sevenl
days to describe, in his daily motion, the same paralld
of latitude.

230. When the sun is at the northern tropic, whi
happens about the 21st of June, his elevation abovw!
the southern horizon at noon is the greatest in th

229. How to obtain a clear idea of the earth’s two motions—descrin
rhle pyocc;.ss—why is the turning point called the tropic 7 Why te
solstice ?
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year; and when he is at the southern tropic, about
the 21st of December, his elevation at noon is the
least in the year.

231. The motion of the earth, in its orbit, is nearly
teventy times as great as its greatest motion around
its axis. In its revolutions around the sun, the earth
moves no less than 1,640,000 miles a day, 68,000
miles an hour, 1100 miles a minute, and 19 miles ev-
ery second; a velocity sixty times as great as the
greatest velocity of a cannon ball. Places on the
earth turn with very different degrees of velocity in
different latitudes. Those on the equator are carried
round at the rate of about 1000 miles an hour. In
our latitude, (41° 18',) the diurnal velocity is about
750 miles an hour. It would seem at first quite in-
credible that we should be whirled round at so rapid
a rate, and yet be entirely insensible of any motion;
and much more that we should be going on so swiftly
through space, in our circuit around the sun, while
all things, when unaffected by local causes, appear to
be in such a state of quiescence. Yet we have the
most unquestionable evidence of the fact; nor is it
difficult to account for it, in consistency with the gen-
eral state of repose among bodies on the earth, when
we reflect that their relative motions, with respect to
each other, are not in the least disturbed by any mo-
tions which they may have in common. When we
are on board a steamboat, we move about in the same
manner when the boat is in rapid motion, as when it
is lying still ; and such would be the case, if it moved
steadily a hundred times faster than it does. Were

230. When does the sun reach the northern tropic? How is then
m a?ltitude ? When is he at the southemn tropic?- His altitude
n
. 231. How much greater is the motion of the earth in its orbit than on
&g axis ? How many miles per day—per hour—per minute—per sec-
®nd? Rates of motion of places in different latitudes? Rate in \nsi-
tude 4] degrees and 18 minutes? Why are we insensitle to thim yrees
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the earth, however, suddenly to stop its diurnal me
tion, all movable bodies on its surface would be throw:
off in tangents to the surface, with velocities propor
tional to that of their diurnal motion; and were th
earth suddenly to halt in its orbit, we should be hurle(
forward into space with inconceivable rapidity.

232. The phenomena of the Seasons, which wi
may now explain, depend on two causes; first, the
inclination of the earth’s axis to the plane of its orbit
and, secondly, to the circumstance that the earth’s axit
always remains parallel to itself. Imagine a candle
placed in the center of a large ring of wire, to repre
sent the sun in the center of the earth’s orbit, and at
apple with a knitting-needle running tnrough it, in the
direction of the stem. Run a knife round the centra
part of the apple, to mark the situation of the equator
The circumference of the ring represents the earth'
orbit in the plane of the ecliptic. Place the apple &
that the equator shall coincide with the wire; ther
the axis will lie directly across the plane of the eclip
tic; that is, at right angles to it. Let the apple b
carried quite round the ring, constantly preserving the
axis parallel to itself, and the equator all the whils
coinciding with the wire that represents the orbit
Now, since the sun enlightens half the globe at once
80 the candle, which here represents the sun, wil
shine on the half of the apple that is turned toward
it; and the circle which divides the enlightened fron
the unenlightened side of the apple, called the termi
nator, will pass through both the poles. If the appl
be turned slowly round on its axis, the terminator wil
pass successively over all places on the earth, givinf

motion? Illustrate by a steamboat. 'What would be the consequenct
were the earth suddenly to stop its motions ?

232. What are the two causes of the change of seasons ? How i
lustrated 7 How will the appearances be when the apple is so pl
that its equator coincides with the wire? Where will it be sun-rise—
where sunset ?
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the appearance of sun-rise to places at which it ar-
rives, and of sun-set to places from which it departs.

233. If, therefore, the earth’s axis had been perpen-

dicular to the plane of its orbit, in which case the
equator would have coincided with tife ecliptic, the
diurnal motion of the sun would always have been in
the equator, and the days and nights would have been
equal all over the globe, and there would have been
no change of seasons. To the inhabitants of the equa-
torial regions, the sun would always heve appeared to
move in the prime vertical, rising directly in the east,
passing through the zenith at noon, and setting in the
west. In the polar regions, the sun would always
have appeared to revolve in the horizon ; while, at any
place between the equator and the pole, the course of
the sun would have been oblique to the horizon, but
always oblique in the same degree. There would
have boen nothing of those agreeable vicissitudes of
the seasons which we now enjoy; but some regions
of the earth would have been crowned with perpetual
spring ; others would have been scorclied with a burn-
ing sun continually overhead ; while extensive regions
towards either pole, would have been consigned to
everlasting frost and barrenness.

234. In order to simplify the subject, we have just
supposed the earth’s axis to be perpendicular to the
plane of its orbit, making the equator to coincide with
the ecliptic; but now, (using the same apparatus as
before,) turn the apple out of a perpendicular posi-
tion a little, (23} degrees,) then the equator will be
turned just the same number of degrees out of a coin-
«cidence with the ecliptic. Let the apple be carried

233. Comparative lengths of the days and nishts'l Appearances to
ghe inhabitants of the equatorial regions? Of the polar regions ?
Would there have been any change of seasons ?
234. Repeat the process with the axis inclined. How far would the
<equator beturned out of a coincidence with the ecliptic? How doea e
*

19
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~

around the ring, always holding it inclined st the sxs
angle to the plane of the ring, and almys-pnnlld..

itself, as in figure 103. We shall find that ﬂlm.-..
two points, A and C, in the circuit, where the lig
of the sun (which always enlightens half the

at once) reaches both poles. These are the points
where the celestial equator and ecliptic cut one a»
other, or the equinoxes. When the earth is at eithet
of these points, the sun shines on both poles alike;
and if we conceive of the earth, while in this situs
tion, as turning once round on its axis, the apparest
diurnal motion of the sun would be the same asit
would be, were the earth’s axis perpendicular to the
plane of the equator. For that day, the earth would
appear to revolve in the equator, and the days and
nights would be equal all over the globe.

235. If the apple were carried round in the manner
supposed, then, at the distance of ninety degrees from
the equinoxes,at B and D, the same pole would be turn- .
ed towards the sun on one side, just as much as it was |-

sun then shine with respect 1o the poles? What will then be the
pearances in the diy motiont hy ¥
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turned from him on the other. In the former case, the
sun’s light would reach beyond the pole 234 degrees,
and in the other case, it would fall short of it the same
number of degrees. Now imagine, again, the earth turn-
ing in the daily revolution, and it will be readily seen
how places within 23} degrees of the enlightened pole,
will have continual day, while places within the same
distance of the unenlightened pole, will have continual
night. By an attentive inspection of figure 103, all
these things will be clearly understood. The earth’s
axis is represented as prolonged, both to show its po-
sition, and to indicate that it always remains parallel
to itself. On March 21st and September 22d, when
the earth is at the equinoxes, the sun shines on both
poles alike ; while on June 21st and December 24th,
when the earth is at the solstices, the sun shines 23}
degrees beyond one pole, and falls the same distance
short of the other.

236. Two causes contribute to increase the heat of
summer and the cold of winter,—the changes in the
sun’s meridian altitudes, and in the lengths of the days.
The higher the sun ascends above the herizon, the
more directly his rays fall upon the earth; and their
heating power is rapidly increased as they approach
a perpendicular direction., The increased length of
the day in summer, affects greatly the temperature of
places towards the poles, because the inequality be-
tween the lengths of the day and night is greater in
proportion as we recede from the equator. By the
operation of this cause, the heat accumulates so much
in summer, that the temperature rises to a higher de-
gree in mid-summer, at places far removed from the
equator, than within the torrid zone.

235. Atthe distance of 90 degrees from the equinoxes, how would
the sun shine with respect to the poles ? -

236. What two causes contribute to increase the heat of summer and
cold of winter ? Effect of the sun’s altitude—of the increased length

of the day ?
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237. But the temperature of a place is
very much by several other causes, as we
force and duration of the sun’s heat. Firs
tion of a country above the level of the
great influence upon its climate. Elevatec
country, even in the torrid zone, often enj
agreeable climate in the world. The cold
per regions of the stmosphere modifies a
the solar heat, 80 as to give a most delight
while the uniformity of temperature exc
sudden and excessive changes which are
rienced in less favored climes. . In asce
mountains, situated within the torrid zone, !
passes, in a short time, through every va
mate, from the most oppressive and sultry
soft and halmy air of spring, which again i
by the codler breezes of autumn, and the
verest frosts of winter. A correspondiny
is seen in the products of the vegetabl
While winter reigns on the summit of th
its central regions may be encircled with
of spring, and its base with the flowers :
summer. Secondly, the vicinity of the oc
a great effect to equalize the temperature
As the ocean changes its temperature dur;
much less than the land, it becomes a sourc
to neighboring countries in winter, and a
cool breezes in summer. Thirdly, the rel
ure or dryness of the atmosphere of a plac:
importance, in regard to its effects on the
tem. A dry air, of ninety degrees, is nc
portable as a meist air of eighty degrees.
eral principle, a hot and moist air is unhealt!
a hot air, when dry, may be very salubrio

237. Birect of elevation—of the vicinity of the occun-
gure apd dryness,
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CHAPTER V.
THE MOON.

ANCE AND DIAMETER—APPEARANCES TO THE TELESCOPE—
MOUNTAINS AND VALLEYS—REVOLUTION—ECLIPSES—TIDES.

38. The Moon is a constant attendant or satellite
he earth, revolving around it at the distance of
ut 240,000 miles. Her diameter exceeds 2,000
28, (2160.) Her angular breadth is about half a
ree,—a measure which ought to be remembered,
1is common to estimate fire balls, and other sights
he sky, by comparing them with the size of the
»n. The sun’s angular diameter is a little greater.
:39. When we view the moon through a good tel-
ope, the inequalities of her surface appear much
re conspicuous than to the naked eye; and by stu-
ng them attentively, we see undoubted proofs that
face of the moon is very rough and broken, exhib-
ig high mountains and deep valleys, and long moun-
10us ridges. The line which separates the enlight-
:d from the dark part of the moon, is called the
rminalor. 'This line appears exceedingly jagged,
licating that it passes over a very broken surface
mountains and valleys. Mountains are also indi-
ed by the bright points and crooked lines, which
beyond the terminator, within the unilluminated
tt of the moon; for these can be nothing else than
wations above the general level, which are enlight-
ed by the sun sooner than the surrounding countries,
high mountains on the earth are tipped with the
rrning light sooner than the countries at their bases.
oreover, when these pass the terminator, and come

234, Of what is the moon a satellite? Distance from the earth—
meter—angular breadth.  Why is it important to remember this ?

239, How does the moon appear to the telescope ? What i3 the Tex-
nator? How doesitappcar? What does its unevenness indicate %
ualsigns of mountains are there in the dark part of the moon? When
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every one may see, who will take the trouble to
the experiment,) while the inside, next the sun,
1s a deep shadow. Also, if the cup stands on a
le, the side farthest from the sun casts a shadow
the table outside of the cup. Similar appearances,
sented by certain spots in the moon, indicate very
arly that they are valleys. Many of them are reg-
r circles, and not unfrequently we may see a chain
mountains, surrounding a level plain of great ex-
t, from the center of which rises a sharp mountain,
ting its shadow on the plain within the circle.
fure 104 is an accurate representaticn of the tele-
wpic appearance of the moon when five days old.
vill be seen that the terminator is very uneven, and
¢t white points and lines within the unenlightened
t of the disk, indicate the tops of mountains and
untain ridges. Near the bottom of the terminator,
ittle to the left, we see a small circular spot, sur-
mded by a high chain of mountains, (as is indicated
the shadows they cast,) and in the center of the
ley the long shadow of a single mountain thrown
m the plain. Just above this valley, we see a ridge
mountains, casting uneven shadows opposite to the
1, some sharp, like the shadows of mountain peaks.
ese appearances are, indeed, rather minute ; but we
st recollect that they are represented on a very
all scale. The most favorable time for viewing the
untains and valleys of the moon with a telescope,
vhen she is about seven days old.
241. The full moon does not exhibit the broken as-
st 80 well as the new moon ; but we see dark and
ht regions intermingled. The dusky places in the
on were formerly supposed to consist of water, and

1es into a cup. What shape have many of the valleys? What do
sometimes see surrounding the valley 7 What rising in the center
-7 Point out mountains and valleys on the diagram ?

1. What is said of the telexcopic view of the full moont, Wk

9



pace ; the sun moves only about a degree a day, w
the moon moves more than thirteen degrees a .
While the moon, after being with the sun, has t
going round the earth in 27} days, the sun, m

were the dark places in the moon formerly sup to be? Wh
astronomers now consider them? How are places on the moon
med? Repeat some of the names. What is the height of some o
mountains, and depth of the valleys ?

242. Revolutions of the moon.  What is a sidereal month? 1
longisit? Whatis a synodical mowth? When does a new x
occur ! Why is the synodical longer than the tidered) wemht

\
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has been going eegward out 27 degrees 80

hen the moon returns to the part of the heavens

she left the sun, she does not find him there,

.es more than two days to catch up with him.

The moon, however, does not pursue precisely

ne track with the sun in his apparent annual

, though she deviates but little from his path.
1clination of her orbit to the ecliptic is only

ive degrees, and, of course, the moon is never
arther from the ecliptic than that distance,

1e is commonly much nearer to it than that.

¥o points where the moon’s orbit crosses the

3, are called her nodes. They are the intersec-

f the solar and lunar orbits, as the equinoxes are
ersections of the equator and ecliptic, and, like

ier, are 180 degrees apart.

The changes of the moon, Fg. 105.
mly called her phases, arise
ifferent portions of her en-
ed sidebeingturned towards

th at different times. When

on comes between the earth

; sun, her dark side is turned !

sus,and welose sightof her @, x®

hort periog, at A, (Fig. 105,)

she is said to be in conjunc-

As soon as she gets a little @0 ']" <o

onjunction, at B, we first

8 her in the evening sky, Qb TQ
form of a crescent,—the 6

10wn appearance of the new

When at C, half her enlightened disk is turned to-

us, and she is in quadrature, or in her first quarter.

[ow many degrees is the moon’s orbit inclined to the ecliptic ?
ienodes. How far apart ?

Vhence arise the v&hhases ofthemoon? When isthe mm&
conjunction 7 en m quadm\m't When in oppositien
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At D, three-fourths of the disk is ifluminated, and a!
when the earth lies between the sun and the moon,
whole disk is enlightened, and she is in opposition,
time of full moon. In proceeding from om
conjunction, or from full to new moon, the
portion diminishes in the same way ax it increased{
conjunction to opposition, being in the last quarte
G. Within the first and last quarters; the termin
is turned from the sun, and th
horned ; but within the second -
terminator presents its concave
and the moon is said to be gibd
245. The moon turns on Rer
in which she revolves about the
by the moon’s always keeping
towards us, as is indicated by ..
could not be the case, unless her revolution on
axis kept pace with her motion in her orbit. Tak
" apple to represent the moon ; thrust a knitting-ne
through it in the direction of the stem, to represen
axis, in which case the two eyes of the apple will
urally represent the poles. Through the poles, ¢
line around the apple, dividing it into two hemisphe
and mark them so as to be readily distinguished 1
each other. Now place a ball on the table to re
sent the earth, and holding the apple by the knitt
needle, carry it round the ball, and it will be seen |
unless the apple is made to turn about on its axit
it is carried around the ball, it will present diffe
sides towards the ball; and that, in order to mak
always present the same side, it will be necessary
make it revolve exactly once on its axis, while!

‘What figure has the moon in the first and last quarters ? Whati
second and third ? 3

245, In what time does the moon turn on her axis? Howis
known? How illustrated by wn wpple’ with a knitting-needle ?
walking round a tree 3



TH® MOON. : 231

going round the circle,—the revolution on its axis
keeping exact pace with the motion in its orbit. ‘I'he
same thing will be observed, if we walk around a tree,
always keeping the face towards the tree. It will be
necessary to turn round on the heel at the same rate
s we go forward round the tree.

246. An Eclipse of the Moon happens when the
moon, in its revolution around the earth, falls into the
earth’s shadow. An Eclipse of the Sun happens when
the moon, coming between the earth and the sun, cov-
ers either a part ox she whole of the solar disk. As
the directigm. f ¥ earth’s shadow is, of course, op-
posite 10°the s, the moon can fall into it only when
in opposition, or at the time of full moon; and as the
moon can come between us and the sun only when in
eonjunction, or at the time of new moon, it is only
then that a solar eclipse can take place. If the moon’s
orbit lay in the plane of the ecliptic, we should have
a solar eclipse at every new moon, and a lunar eclipse

.at every full moon ; but as the moon’s orbit is inclined
to the plane of the ecliptic about five degrees, the
moon may pass by the sun on one side, and the earth’s
shadow on the other side, without touching either. 1t
is only when, at new moon, the sun happens to be at
or near the point where the lunar orbit cuts the plane
of the ecliptic, or at one of the nodes, that the moon’s
disk overlaps the sun’s, and produces a solar eclipse.
Also, when the sun is at or near one of the moon’s
modes, the earth’s shadow is thrown across the other
mode, on the opposite side of the heavens, and then,
@s the moon passes through this node, at the time of
©opposition, she falls within the shadow, and produces
A lunar eclipse.

246. When does an eclipsc of the moon happen? When an eclipse
©of thesun 7 At what age of the moon does it eclipse the sun—and at
Wrhat age does it suffer eclipse? Why do not cclipses occur at every

Tevolution? At or near what point wust the suu be, in ordex thatan
eclipse may take place 2
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247. Figure 106 represents both kinds of ¢
The shadow of ‘the moon, when in T
ropresented as just long enough to reach the |

Fig. 106

is the case when the moon is at or about he
distance from the earth. In this case, a spe
the earth, situated at the place where the po
shadow touches the earth, would see the s
eclipsed for an instant, while the countries a
a considerable distance, would see only

eclipse, the moon hiding only a part of the s
sheds on such places a partial light, called tl
bra, as is indicated in the figure by the dark
on each side of the moon’s shadow. A si
numbra is represented on each side of th
shadow, because, when the moon is approa
shadow, a part of the light of the sun begins
tercepted from her when she reaches this

247. Describe Fig. 106. At what point of the earth woulc
of the sun be total? Where partial ? What is this partia
ed? What is said of the moon’s penumbra\  What accs
nular eclipse
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_".he receives less and less light from the sun until,
- When she enters the shadow, his disk is entirely hid-
hﬁn. When the moon is farther from the earth than
®r average distance, her disk is not large enough to
CQver the sun’s, but a ring of the sun appears all around
e moon, constituting an annular eclipse.

248. Eclipses of the sun are more frequent than
haee of the moon. Yet, lunar eclipses, heing visible
every part of the hemisphere of the earth in which
moon is above the horizon, while those of the sun
wvisible only to a small portion of the hemisphcre
which the moon’s shadow falls, it happens that, for
rparticular place on the earth, there are seen more
es of the moon than of the sun. In any year,
number of eclipses of both luminaries cannot be
than two, nor more than seven. The most usual
Tumber is four, and it is very rare to have more than
six, A total eclipse of the moon frequently happens
at the next full moon after an eclipse of the sun. For,
. Uince, in a solar eclipse, the sun is at or near one of
the moon’s nodes,—that is, is projected to the place in
the sky where the moon crosses the ecliptic,—the
earth’s shadow, which is, of course, directly opposite
. ' the sun, must be at or near the other node, and may
- hot have passed too far from the node before the moon

+ ¢comes round to the opposition and overtakes it.
- 249. A total eclipse of the sun is one of the most
sublime and impressive phenomena of Nature. Among
barbarous tribes, it is always looked on with fear and
astonishment, and as strongly indicative of the wrath
of the gods. When Columbus first discovered Amer-

248. Which are most frequent, the eclipses of the sun or the moon ?
Of which are the greatest number visible? What number of both
can happenin a single year ? What is the most usual number?
‘Why does an eclipse of the moon happen at the next full moon after an
eclipse of the sun!

249. What is said of an eclipse of thesun? What is told of Colum-
bus ? Why is atotal eclipse of the sun regarded with 8o wuehm-

»

20
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ica, and was in danger of hostility from the natives
he awed them into submission by telling thei that th
sun would be darkened on a certain day, in token @
the anger of the gods at them for their treatment o
him. Among culiivated nations, also, a total eclips:
of the sun is regarded with great interest, as verifyin
with astonishing exactness the predictions of astron
omers, and evincing the great knowledge they have
acquired of the motions of the heavenly bodies, an
of the laws by which they are governed. From 1831
to 1838, was a period distinguished for great eclipses
of the sun, in which time there were no less than five,
of the most remarkable character. The next total
eclipse of the sun, visible in the United States, wil
occur on the 7th of August, 1869.

250. Since Tides are occasioned by the influence
of the sun and moon, a few remarks upon them will
conclude the present chapter. By the tides are meant
the alternate rising and falling of the waters of the
ocean. Its greatest and least elevations are called
kigh and low water ; its rising and falling are called
Slood and ebb; and the extraordinary high and low
tides that occur twice every month, are called spring
and neap tides. It is high water, or low water, on
opposite sides of the globe at the same time. If, for
example, we have high water at noon, it is also high
water to those who live on the meridian below us,
where it is midnight. In like manner, low water oc-
curs at the sae time on the upper and lower meridisn.
The average height of the tides, for the whole globe,
is about two and a half feet; but their actual height
at different places is very various, sometimes being

terest among cultivated nations ? What period was distinguished for
great eclipses of the sun? When will the next total eclipse of the
sun occur ?
250. What are the tides *  What is meant by hizh and low water—
tovdand cbo—opring aud acap?  Where is it high water and where
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scarcely perceptible, and sometimes rising to sixty or
seventy feet. In the Bay of Fundy, where the tide
rises 70 feet, it comes in a mighty wave, seen thirty
miles off, and roaring with a loud noise.

251. Tides are caused by the unequal attraction of
the sun and moon upon different parts of the earth.
We shall attend hereafter more particularly to the sub-
ject of universal gravitation, by which all bodies, or
masses of matter, attract all other bodies, each accord-
ing to its weight, when they act on a body at the same
distance ; but when .at different distances, the force
increases rapidly as the distance is diminished, o that
the force of attraction is four times as great for half
the distance, one hundred times as great for one tenth
the distance, and, universally, the force increases in
proportion as the square of the distance diminishes.
Such a force as this is exerted by the moon and by
the sun upon the earth, and causes the tides. As
the sun has vastly more matter than the moon, it would
raise a higher tide than the moon, were it not so much
further off. This latter circumstance gives the ad-
vantage to the moon, which has three times as much
influence as the sun in raising the tides. If these
bodies, one or both of them, acted equally on all parts
of the earth, they would draw all parts towards them
alike, but would not at all disturb the mutual relation
of the parts to each other, and, of course, would raise
no tide. But the sun or moon attracts the water on
the side nearest to it more than the water more re-
mote, and thus raises them above the general level,
forming the tide wave, which accompanies the moon
in her daily revolution around the earth. It is not dif-

low water at the same time? Average height of the tides for the
whole globe? What is said of their actual height at different places ?
How high does the tide rise in the Bay of Fungy 7

251. By what are tides caused ? hat force is exerted by the sun
and moon upon the earth ? Why does not the sun raise a greater
tide than the moon? How does the sun’s greater diswance gve Whe
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ficult to see how the tide is thus raised on the side of
the meridian nearest to the moon ; but it may not be
so clear why a tide should at the same time be raised
on the opposite meridian. The reason of this is, that
the waters farthest from the moon, being attracted less
than those that are nearer, and less than the solid
earth, are left behind, or appear to rise in a direction
opposite to the center of the earth. Hence, we have
two tides every twenty-four hours,—one when the
moon passes the upper meridian, and one when she
passes the lower. Each, however, is about fifty min-
utes later to-day than yesterday, for the moon comes
to the meridian so much later on each following day.

252. Were it not for the impediments which prevent
the force from producing its full effects, we might ex-
pect to see the great tide wave always directly beneath
the moon, attending it regularly around the globe. But
the inertia of the waters prevents their instantly obey-
ing the moon’s attraction, and the friction of the wa-
ters on the bottom of the ocean still further retards
its progress. It is not, therefore, until several hours
after the moon has passed the meridian of a place,
that it is high tide at that place.

253. The sun has an action similar to that of the
moon, but only one-third as great. It is not that the
moon actually exerts a greater force of attraction upon
the earth than the sun does, that her influence in rais-
ing the tides exceeds that of the sun. She, in fact,
exerts much less force. But, being so near, the dif-
ference of her attraction on different parts of the earth
is greater than the difference of the sun’s attraction;
for the sun is so far off, that the diameter of the earth

advantage to the moon ? Why is it high tide on opposite sidesof the
earth atthe same time?  How much later is the higﬁ tide of to-day than
that of yesterday ?
252. Why is it not high tide when the moon is on the meridian ?
253. How much less is the action of the sun in raising the tides than
that of the moon ? Why has the moon so much greater power ?
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cwears but a small proportion to the distance, and there-
Eore the force exerted by the sun is more nearly equal
©n all parts of the earth, and we must bear in mind
&hat the tides are owing, not to the amount of the force
wof attraction, but to the difference of the forces exerted
«on different parts of the earth.

254. As the sun and moon both contribute to raise
the tides, and as they sometimes act together.and
sometimes in opposition to each other, so correspond-
ing variations occur in the height of the tides. The
spring tides, or those which rise to an unusual height

Fig. 107.

& @

D

twice a month, are produced by the sun and moon’s
acting together; and the neap tides, or those which
are unusually low twice a month, are produced by the
sun and moon’s acting in opposition to each other.
The spring tides occur when the sun and moon act in
the same line, as is the case both at new and full

Fig. 108.

® .
0.

D

moon ; and the neap tides when the two luminaries
act in directions at right angles to each other, as is the

254. Explain the spring tides—also the neap tides., uatrae \sy
the figures.



case whea the moon is in quadratere. ‘I
abtion, in eachoese, .::"ll be clearly under
specting ﬁgli‘lm 108, .. . .

Figure 107 shows the situation of she |
ries when they act.together at new moon
ters are elevated both on the same side «
aa.the sttoweting bodies at A; sud also on ¢t

at:-B. :If we now conceive the mon
its-plaes:to H, when it. would be full moon,
would still have the same - figure
aofi the two bodies, while at places 90° dista
D, it would be low water. _Aguin, in figu
moon being in quadrature at C, the tw¢
bodies act in opposition ta each other, the
a tide at A‘and B, while-the moon raises a
tide-at C and D. ."Heace, the high tide b
moon, and the low tide at places 90° distar
less than ordinary. -

255. The largest lakes and inland seas h
ceptible tides. This is asserted by all +
specting the Caspian and Black Seas; an¢
is found to be true of the largest of the No
can lakes, Lake Superior. Although the
tracts of water appear large, when taken
selves, yet they occupy but small portic
surface of the globe, as will be evident on s
small a space they occupy on the artificial
that the attraction of the sun and moon is ne
on all parts of such sea or lake. But it i
quality of attraction on different parts that
the tides.

255. Why have lakes and inland seas no tides ?
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CHAPTEX "

GENERAL VIEW—INFERIOR PLi¥YITH— XRINT o 1Z7 0 ¥
ETARY 20OV

SecTioN 1. General View 17 =32 Zlnnets.

256. The name planet is Zeri-sd “mm 1 G2e<
word which signifies a wrndersr. 1ad a 1guiled « i
class of bodies, becamse thes 3u:% tamir sawniona 5
the heavens, whereas the ixerd sram ernaranciz ma.a-
tain the same places with reepent o ach otier. Tle

- planets known from a high anticnzs a2, M

- nus, Earth, Mars, Jupiter. 2nd Sazimn.
- 1781, was added Uranus, (sr Fer

oy

i ',:“.l;?,é, e}
Al 1e 2 e me-
- times called, from the name of :he “iwcnverzs, anc. 2

Iate as the commencement of e PT2een centaTy, It

more were added, namely. Cares, Pallas. Juno, aad
Vesta. All these are called prumary piaress. Seversl
of them have one or more aienderis, or s2atellites.
which revolve around them, as they revnlse around

1309

the sun. The earth has one sateliize, namels. the
moon ; Jupiter has four ; Saturn, seven; and Cmnas,
six. Mercury, Venus, and Mars, are without satellites.
‘The same is the case with the four new planets, or
asteroids, as they are sometimes called. The whole
number of planets, therefore, are twenty-nine, namely,
eleven primary, and eighteen secondary planets.

257. Mercury and Venus are called Inferior planets,
because they have their orbits nearer to the sun than
that of the earth; while all the others, being more
distant from the sun than the earth is, are called Su-

256. Whence the name planet 7 What planets have been known
from a high antiquity ? t have been added to these? What i
said of the sate‘l‘itea 7 What is the whole number of planets 7

257. Why are Mercury and Venus called Inferior planctn 3 Why
the others Superior planets 7



A rail-way car, travelling constantly at the

twenty miles an hour, would require more than

thousand years to cross the orbit of Uranus.
259. Magnitudes.

Diameter. Diamete
1. Mercury, 3140. 5. Ceres, 161
2. Venus, 7700. 6. Jupiter, 89,00
3. Earth, 7912. 7. Saturn, 79,001
4. Mars, 4200. | 8. Uranus, 35,001

We perceive that there is a great diversity
the planets, in regard to size. While Venus,
rior planet, is nine-tenths as large as the earth
a superior planet, is only one-seventh, while
is twelve hundred and eighty-one times as

*The magnitudes are proportioned to the cubes of the diameters.

. 258. Repeat the table of distances. What is said of the
sions of the planetary system ? How long would a railway
crossing the orbit cﬁ] ranus ¢

259. Repeat the table of magnitudes. Whelin vl ol the.
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Uthough several of the planets, when nearest to us,
ppear brilliant and large when compared with most
f the fixed stars, yet the angle under which they are
een is very small, that of Venus, the greatess of all,
iever exceeding about one minute, which is less than
me-thirtieth the apparent diameter of the sun or moon.*
upiter, also, by his superior brightness, sometimes
1akes a striking figure among the stars ; yet his great-
st apparent diameter is less than one-fortieth that of
le sun.
260. Periodic Times.
Mercury, 3 months. | Ceres, 4% years.

Venus, 7% ¢ Jupiter, 12~ «
Earth, 1 year. Saturn, 29 ¢
Mars, 2 years. Uranus, 84 ¢

We perceive that the planets nearest the sun move
wst rapidly. Mercury performs nearly three hun-
red and fifty revolutions while Uranus performs one.
he apparent progress of the most distant planets
round the sun is exceedingly slow. Uranus advances
aly a little more than four degrees in a whole year;
» that we find this planet occupying the same sign,
ad of course remaining nearly in the same part of
1e heavens, for several years in succession.

Skc. 2. Of the Inferior Planets.

261. Mercury and Venus have their orbits so far
ithin that of the earth, that they appear to us as at-
mndants upon the sun. Both planets appear either in
1@ west a little after sunset, or in the east a little be-

—

*In every estimation of sngular breadths or di , it is eonvenient to
war in mind that the angular breadth of the sun or moon is about half &

gree.

\ to size 7 What of the angular diameter of the planets?
fow do the largest compare with the sun or moon ?
260. Repeat the table of periodic times. What is said of the plan-
ts nearest thesun ? What of those most distant ?
26). How do Mercury and Venus appear with respect %o Yhe s
21
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fore sunrise. In high latitudes, where the twilights §
long, Mercury can seldom be seen with the naked eys,
and then only when its angular distance from the sa
is greatest. In our latitude, we can uswilly catcht
glimpse of this planet for several evenings and mors
ings, if we will watch the time {usually given in the
almanac) ‘when it is at its greatest elongations fsk
the sun. It, however, soon runs- back- agein to-h
sun. The reason of this will be plain from the's
lowing diagram. - Let S represent the sun, E the essth

Fig. 109.

2

M QNR the orbit of Mercury, OZ P an arc of te |-
heavens. Then, since we refer all distant bodies it {*
the sky to the same concave sphere, we should see the
sun at Z,in the heavens, and when the planet was#t |’
R or Q, we should see it close by the sun, and wh

What of Mercury in high latitudes ? What in our latitude 2 Whea

grt:’We catch a glimpse of it 7 Eoxplein Woe veenon of this from the fig

Ve L
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it was at its greatest elongation,at M or N, we should
see it at O or P, when its angular distance from the
s would be measured by the arc OZ or PZ. Sup-
pose Mercury comes into view at M, its greatest east-
om elongation ; as it passes on to Q, its inferior con-
junction, it appears to move in the sky backwards, or
contrary -to the order of the signs, from O to Z ; and
it continues its backward motion from M to N, or appa-
rently from O to P. But now from N, its greatest
western elongation, through R, its superior conjunction,
o M, its greatest eastern elongation, its apparent mo-
tion is direct. Then, the planet is said to be in its
superior conjunction. The inferior planets, Mercury
and Venus, appear to run backwards and forwards
across the sun, Mercury receding so little from that
luminary as almost always to be lost in his beams.
Venus, however, moves in a larger orbit, and recedes
8o far from the sun, on both sides, as often to remain a
long time in the evening or morning sky, always im-
mediately following or preceding the sun, and hence
called the evening and morning star.

262. When an inferior planet is near its greatest
elongation, on either side, it presents to us, when
viewed with the telescope, half its enlightened disk,
appearing to the telescope like the moon in one of her
quarters. While passing from the eastern to the west-
ern elongation, through the inferior conjunction, the
enlightened portion grows less and less, taking the
crescent form, like the old of the moon, until it arrives
at the inferior conjunction, when it presents the entire
dark side towards us. Soon after passing the con-
junction, it appears like the new moon, and increases
to the first quarter, at the greatest western elongation.
When passing through the superior conjunction, the

262. How does an inferior planet appear when at its greatest elonga-
tion? How when between that and the inferior conjunction? How
towards the superior conjunction 7 In what respects do they N




'

sides are turned towards us, (being then just
their greatest elongation on either side,) sinc
greater nearness to us more than compensates f
ing in view a less portion of the enlightened ¢
will be seen by the accompanying diagram.
263. Mercury and Venus both revolve on the
in nearly the same time with the earth, anc
therefore, similar days and nights. Mercury

the changes of the moon? How do they differ? At what
the inferior planets appest brightest\
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almost all its peculiarities to its nearness to the sun.
Its light and heat derived from the sun are estimated
to be nearly seven times as great as ours, and the sun
would appear to an inhabitant of Mercury seven times
as large as it does tous. The motion of Mercury, in
his revolution round the sun, is swifter than that of
any other planet, being more than 100,000 miles every
hour ; whereas, that of the earth is less than 70,000.
Eighteen hundred miles every minute,—crossing the
Atlantic ocean in less than two minutes,—this is a
velocity of which we can form but very inadequate
conceptions.
264. Every time Mercury and Venus come to their
inferior conjunction, they would eclipse the sun, if
" their orbits coincided with the earth’s orbit, or both
were in the same plane; as we should have a solar
eclipse at every new moon, if the moon’s orbit were
in the same plane with the earth’s. As, however, the
orbits of these planets are inclined to the ecliptic, they
are not seen on the sun’s disk except when the con-
Junction takes place at one of their nodes. They then
pass over the sun, each in a round black spot, and the
phenomenon is called a Transit. Transits of Mer-
cury and Venus occur but seldom, but are regarded
with the highest interest by astronomers, that of Ve-
nus, in particular; for, by observing it at distant points
on the earth, materials are obtained for finding the
sun’s horizontal parallax, which enables astronomers
to calculate the distance of the sun from the earth.
(See Art. 219.) In the transits of Venus, in 1761
and 176Y, several European governments fitted out
expensive expeditions to parts of the earth remote
from each other. For this purpose, the celebrated

263. In what time do Mercury and Venus revolve on their axes ?
To what does Mercury owe its peculiarities ? Explain his swiftness
of motion. .

264. Why do not Mercury and Venus eclipse the sun at every infe-
rior conjunction ? 'What is a transit 7 'Why regarded with &0 gyest

21
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gram. Let the earth be at E, and a superior planet,
as Mars, in different parts of his orbit, M Q M’. At
M, the planet would .be seen in the same part of the
heavens with the sun, rising and setting at the same
time with him, and would therefore be in conjunction ;
but being the other side of the sun, it would, of course,
be a superior conjunction. At Q, the planet would
appear in quadrature, and at M, in opposition, rising
when the sun sets, like the full moon.

266. The superior planets, however, do not, like the
inferior, undergo the same changes as the moon, but,
with the exception of Mars, always present to the
telescope their disks fully enlightened; for, if we
viewed them from the sun, we should have the whole
enlightened side turned constantly towards us; and
80 small is our own distance from the sun, compared
with that of Jupiter, Saturn, or Uranus, that we view
them nearly as though we stood on the sun. Mars,
being nearer the earth, does in fact change his figure
slightly ; for, when seen in quadrature, at Q, a small
part of the enlightened hemisphere is concealed from
us, and the planet appears gibbous, like the moon
when a little past the full. The superior planets,
however, undergo considerable changes in apparent
magnitude and brightness, being at one time much
nearer to us than at another. Thus, in figure 111,
Mars, when at M, in opposition, is nearer the earth
than at M’, in superior conjunction, by the whole
diameter of the earth’s orbit,—a space of about
190,000,000 miles. Hence, when this planet is in
opposition, rising soon after the sun sets, it often sur-
prises us by its unusual splendor, which appears more

265. What are superior planets 7 How do they differ from the infe-
rior? Explain their conjunction and opposition bg]he figure.

266. Have the superior planets any phases ? hat 1s said of the
phases of Mars? What changes of apparent magnitude do the supe-
rior planets undergo? Explain the cause of these.
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striking on account of its fiery red color. Al the
other planets, likewise, appear finest when in opposi-
tion, although the remoter planets are less altered than
those that are nearer to us.

267. Juprter is distinguished from all the other
planets by his great magnitude. His diameter is
89,000 miles, and his volume 1281 times that of the
carth. He revolves on his axis once in about ten
hours, giving to places near his equator a motion

Fig. 112.

twenty-seven times as swift as on the earth. Tt wil
be recollected, also, that the distance of Jupiter from
the sun is 485,000,000 miles, and that his revolution
around the sun occupies twelve years; so that every
thing belonging to this plunet is on a grand scale.
The view of Jupiter through a good telescope, is one
of the most splendid and interesting sights in astron-
omy.  The disk expands into a large and bright orb.
like the full moon ; across the disk, arranged in par-
allel stripes, are several dusky bands, called Aelts ; and

260 By what i Jupiter distinguished trom all the other planets !
His dinneter—volume-—distance from the sun? View of Jupiier

‘t!mmfn a good telescope ? - Appearance of his disk, belts and satel-
es d
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four bright satellites, or moons, constantly varying
their positions, add another feature of peculiar mag-
nificence.

268. SaTurN has also within itself a system full of
grandeur. Next to Jupiter, it is the largest of the
planets, being 79,000 miles in diameter, or about 1000
times as large as the earth. It has, likewise, belts on
its surface, though less distinct than those of Jupiter.

Fig. 113.

But the great peculiarity of Saturn s its Ring, a broad
wheel, encompassing the planet at a great distance
from it. What appears to be a single ring, when
viewed with a small telescope, is found, when exam-
ined by powerful telescopes, to consist of two rings,
separated from each other by a dark line of the sky,
seen between them. Although the division of the
rings appears to us, on account of our immense dis-
tance, as only a fine line, yet it is in reality an inter-
val of not less than 1,800 miles ; and, although we see
in the telescope but a small speck of sky between the
Planet and the ring, yet it is really a space 20,000 miles

268. d with J t olume—belts—
Rug—what is said of this ? stumce between‘.\m xm@'\ Wredin



269. Saturn’s ring, in its revolution with the
around the sun once in about thirty years, :
keeps parallel to itself, as is represented in 1
nexed diagram, where the small circle, a b,
earth’s orbit, and Saturn is exhibited in eight di
positions in his orbit. If we hold a circle, as ¢
of coin, directly before the eye, we see the ent
cle; but if we hold it obliquely, it appears an e
and if we turn it round until we see it edgewi
ellipse grows constanily narrower and narrowei
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line. If the learner obtains a clear idea of these ap-
pearances, he will easily understand the different ap-
pearances of Saturn’s ring. In two points of the revo-
lution around the sun, at A and E, the edge is present-
ed to us, and we see the ring only as a fine line, or,
perhaps lose sight of it altogether. After passing this
point, from B to C, we see more and more of the
ellipse, until, in about seven years it arrives at C, when
it appears quite broad, as represented in figure 114.
Then it gradually closes again for seven years more,
and dwindles into a line at E.

270. Saturn is attended by seven satellites. Al-
though they are bodies of considerable size, yet, on
account of their immense distance from us, they ap-
pear exceedingly minute, and require superior teles-
copes to see them at all. It is accounted a good tel-
escope which will give a distinct view of even three
of the satellites of Saturn, and the whole seven can
be seen only by the most powerful telescopes in the
world.

271. Uranus is also a large body, being 35,000
miles in diameter ; but being 1800,000,000 miles off,
it is scarcely seen except by the telescope, and would
hardly be distinguished from a fixed star, if it were
net seen to have the motions of a planet. In the most
powerful telescopes, however, it exhibits more of the
character of a planet. Herschel saw, as he supposed,
six satellites belonging to this planet, but only two are
commonly visible to the best telescopes. So distant
is this planet, that the sun himself would appear from
it 400 times less than he does to us, and it receives
from him light and heat proportionally feeble.

seen in different positions? In what points is the edge presented to
uws? When does it appear broadest ?

270. How many satellites has Saturn? How do they appear to the
telescope? What power does it require to see them ?

271. Uranus—his diameter—distance from the sun—appearance in
%e telea’eopo—numberof satellites 7 How would the sun appest trom.

'ranus
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making their tardy circuit around the sun. To a spec-
tator thus situated, the planets would all appear to
move around him in great circles, such being their
projections on the face of the sky. They are, how-
ever, not perfect circles, but are a little shorter in one
direction than the other, forming an oval or ellipse.

275. Such would be the appearances of the planet-

ary motions if viewed from the center of their motions,
that is, at the sun, and such they are in fact. But two
causes operate to make the motions of the planets ap-
pear very different from what they really are ; first, we
view them out of the center of their motions, and, sec-
ondly, we are ourselves in motion. We have seen,
in the case of the inferior planets, Mercury and Ve-
nus, that our being out of the center makes them ap-
pear to run backwards and forwards across the sun,
although they are all the while moving steadily on in
one direction; and we know that our own motion
along with the earth on its axis, every day, makes the
heavens appear to move in the opposite direction.
Hence, we see how very different may be the actual
motions of the planets from what they appear to be.
As we have said, they are actually very simple, mov-
ing steadily round the sun, all in one direction ; but
their apparent motions are exceedingly irregular.
They sometimes move faster and sometimes slower
—backwards and forwards—and at times appear to
stand still for a considerable period.

276. If we have ever passed swiftly by a small ves-
sel, sailing in the same direction with ourselves, but
much slower, we may have seen the vessel appear to
be moving backward, stern foremost. For a similar
reason, the superior planets sometimes seem to move
backwards, merely because the earth has a swifter

275. What makes the planetary motions appear very different from
what they really are ? Are the real motions more or less simple than

the apparent 1
22



277. Let the inner circle, A B C, repr
earth’s orbit, and the outer circle the orbit

276. Appearance of a vease\ when we peas vagidl it
the super{:)t planets appest W mme\w\wuh,v&b\{ «
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or any other superior planet,) and N R a portion of
e concave sphere of the heavens. To make the
case simple, we will suppose Mars to be stationary at
M, in opposition ; for, although he is actually moving
eastward all the while, yet, since the earth is moving
the same way more rapidly, their relative situations
vill be the same, if we suppose Mars to stand still and
e earth to move on with the excess of its motion
tbove that of the planet. As the earth moves from A
to B, Mars appears to move backward from P to N;
for the planet will always appear in the heavens in the
direction of the straight line, as B M, drawn from the
Spectator to the body. When the earth is at B, Mars
& ppears stationary, because the earth is moving directly
From him and the line B M N does not change its di-
rection. But while the earth moves onto C, D, E,
I, the planet resumes a direct motion eastward through
O, P, Q, R. Here it again stands still, while the
©arth is moving directly towards it, and then goes back-
Wvard again. When the planet is in opposition, the
©arth being at A, its motion appears more rapid than
&1 other situations, because then it is nearest to us.
n the superior conjunction, when the earth is at D,
the motion of Mars is comparatively slow.
278. There are three great Laws that regulate the
mmotions of all bodies belonging to the Solar System,
«alled KepLER’S LAws, from the name of the great as-
tronomer who discovered them. The first is, that the
orbits of the earth and all the planets are ellipses, having
the sun in one of the foci of the ellipse. Figure 116 rep-
resents such an ellipse, differing but little from a cir-
cle, but still having the diameter, A B, called the major
azis of the orbit, perceptibly longer than C D. ‘The

e p—

_277. Illustrate the motion of Mars from Fig. 13~ ~
tion mont rapid? When slow? .
278. Kepler's Laws. Repeat the ¢
major axis—foci
s



the two foci, and each of them, a focus, of th
Suppose the sun at F, then B will be the pes
nearest distance of a planet to the sun, and
aphelion, or farthest distance.

279. A line drawn from the sun to a planet
the radius vector, as E a or E b, (Fig. 117 ;!
second of Kepler’s Laws is, that while a plane
round the sun, the radius vector passes over eq
in equal times. The meaning of this is, tl
imaginary line, as a cord, were extended fro
te any planet, this cord would sweep over jus
space one day as another. When the plane
perihelion, the cord would, indeed, move f:
towards the aphelion; but it would also be

279. What is the radivs vector? Repeat the second
plain its meaning.
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he greater breadth of the space, E a b, would
it just equal to the narrower but longer space,

Fig. 117.

14

. This law has been of incalculable service in all
igher investigations of astronomy.
0. The third of Kepler’s Laws is, that the squares
‘periodic times of different planets, are proportioned
» cubes of the major axes of their orbits. Now the
dic time of a planet, or the time it takes to go
| the sun, from any star back to the same star
sy can be seen by watching it, as has often been
during the whole of its revolution. We also
the length of the major axis of the earth’s orbit,
1se it is just twice the average or mean distance
1 earth from the sun. These things being known,
w find the distance of any of the planets from the
y a simple statement in the rule of three. For
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Jupiter’s orbit, or the mean distance of Jupiter from

the sun, which is half the length of that axis. Then,

since the earth’s periodic time is one year, and Jupi-

ter’s twelve years, (putting E for the earth’s distance

from the sun, and J for Jupiter's,) we say,
1¥:12°:: E*: P

Now the three first terms in this proportion are
known, and hence we can find the fourth, which is
the cube of Jupiter’s distance from the sun; and, on
extracting the cube root, we find the distance itself.
We see, therefore, that the planetary system is laid
off by an exact mathematical scale.

281. The three foregoing laws are so many great
facts, fully entitled to be called general principles, be-
cause they are applicable not only to this or that planet,
but to all the planets alike, and even to comets, and
every other kind of body that may chance to be dis-
covered in the solar system. They are the rules ac-
cording to which all the motions of the system are
performed. But there is a still higher inquiry, respect-
ing the causes of the planetary motions, which aims
at ascertaining not in what manner the planets move,
but why they move at all, and by what forces their
motions are produced and sustained. Sir Isaac New-
ton first discovered the great principle upon which all
the motions of the heavenly bodies depend, that of
Universal Gravitation. In its simplest expression it
is nearly this: all matter attracts all other matter. But
a more precise expression of the law of gravitation is
as follows : Every body in the universe, whether great
or small, attracts every other body, with a force which
major axis of the earth’s orbit 7 How to find the major axis o Jupi-
ters orhit ?

281. Why are these laws called general principles ? What higher
inquiry is there? Who first discovered the grand law of the celestial
motions? What is it called? Its simplest expression? Its more
precise expression ?
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is proportioned to the quantity of matter directly, and to
the square of the distance inversely.

282. This is the most comprehensive and important
of all the laws of nature, and ought therefore to be
clearly understood in its several parts. First, it as-
serts that all matter in the universe is subject to it.
In this respect it differs from Gravity, which respects
only the attraction exerted by the earth, and all bodies
within the sphere of its influence. But Universal
Gravitation embraces the whole solar system—sun,
moon, planets, comets, and any other form of matter
within the system. Nor does it stop here ; it extends
likewise to the stars, and comprehends the infinitude
of worlds that lie in boundless space. Secondly, the
law asserts that the attraction of gravitation is in pro-

. portion to the quantity of matter. Every body gives

and receives of this mysterious influence an amount
exactly proportioned to its weight; and hence all
bodies exert an equal force on each other. The sun
attracts the earth and the earth the sun, and one just
as much as the other ; for if the sun, in consequence
of its having 354,000 times as much matter as the
earth, exerts upon it 354,000 times as much force as
it would do if it had the same weight with the earth,
it also receives from the earth so much more in con-
sequence of its greater weight. Were the sun divi-
ded into 354,000 bodies, each as heavy as the earth,
every one would receive an equal share of the earth’s
attraction, and of course the whole would receive in
the same degree as they imparted. Thirdly, the law
asserts that, at different distances, the force of gravi-
tation is snversely as the square of the distance. 1f a
body is twice as far off, it attracts and is attracted

282. What is said of the importance of this law ? What does it as-
sert first—what secondly 7 How much does every body give and re-
ceive of thisinfluence Y Example in the earth and sun.  What does
the law assert thirdly? How much less does_a body attract another
when twice as far off, or ten times as far?
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scribes ; but, if it be thrown with a small velocity, it
will soon depart from the tangent, describing the curve

Fig. 118,

A, B

Cc D E 7

A D; with a greater velocity, it will describe a curve
nearer the tangent, at A E; and with a still greater
velocity, it will describe the curve A F.

285. As an example of a body revolving in an
orbit under the influence of two forces, supposc a body

Fig. 119.

K

placed at any point, P, (Fig. 119,) above the surface of
the earth, and let P A be the direction of the earth’s

285. Explain the motions of a body from Fig. 110,
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velocity causes a rapid increase in the centrifugal force,
and makes it endeavor with more and more force to fly
off in the direction of a tangent to its orbit. Hence, the
increase of velocity as it approaches the sun, will not
carry it into the sun, but the more rapid increase of
the centrifugal force will keep it off, and carry it by,
and finally make it describe the remaining portion of
the curve, back to the place where it set out. After
it passes the perihelion, at G, the sun’s attraction con-
stantly operates to hold it back, and as it proceeds
through H and K to A and C, it is like a ball rolled
up hill, until finally its motion becomes so slow, that
the centrifugal force yields to the force of attraction,
and it turns about to renew the same circuit.

287. Since the nature of the curve which any planet
describes depends on the proportion between the two
forces, of projection and attraction, astronomers have
inquired what proportion must have been observed
when the planets were first launched into space, in
order that they should have revolved in the orbits they
have; and it is found that the forces were so adjusted
as to make the centrifugal and attractive forces nearly
equal, that of projection being a little greater. Had
they been exactly equal, the curve would have been a
circle; and had the force of projection been much
greater than it was, the ellipses would have been much
longer, and the whole system much more irregular.
The planets also revolve on their axes at the same time
that they revolve around the sun; and astronomers
have inquired what must have been the nature of the
impulses originally given, in order to have produced
these two motions such as they are. If we strike a
ball in the exact line of the center of gravity, it will
move forwards without turning on its axis; but if we

287. How were the forces of yrodt;(‘nion and attraction ulju.t;e;i o
weach other, wh ¥ were launched into spaco? low



influence but little ; but in other cases, wh
bodies come far within each other’s sphe:
tion, the mutual disturbance of their moti

eat. 'The moon, especially, has its m
tinually disturbed by the attractive force
When the sun acts equally on the earth an
as it does when the two bodies are at the
tance from him, he does not disturb their n
tions ; as the passengers on board a steam
tain the same position with respect to ¢
whether the boat is going with or against 1
But, at new moon, the moon being nearer tl

must they have been impelled in order to have the two m
must the earth have been struck ?

288. Beside the revolutions of the heavenly bodies,
does the principle of universal gravitation account 7 H
traction of different bodies tend to affect each other’s mot
is said of the moon? When does the wan distuth Ye w
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he earth is, is more attracted than the earth; and at
ull moon, the earth being nearer the sun than the moon
8, is more attracted than the moon. Hence, in both
>ases, the sun tends to separate the two bodies. At
sther times, as when the moon is in quadrature, the
influence of the sun tends to bring the bodies nearer
together. Sometimes it causes the moon to move
faster, and sometimes slower; so that owing to these
wvarious causes, the moon’s motions are continually dis-
turbed, which subjects her to so many irregularities,
that it has required vast labor and research to ascer-
tain the exact amount of each, and so to apply it as to
assign the precise place of the moon in the heavens
at any given time.

289. Among all the irregularities to which the hea-
venly bodies are subject, there is not one which the
principle of universal gravitation does not account for,
and even render necessary; so that if it had never
been actually observed, a just consideration of the con-
sequences of the operation of this principle,  would
authorize us to say that it must take place. Indeed,
many of the known irregularities were first discovered
by the aid of the doctrine of gravitation, and afterwards
verified by actual observation. Such a tendency of
all the heavenly bodies to disturb each other’s motions,
might seem to threaten the safety of the whole system,
and throw the whole into final disorder and ruin; but
astronomers have shown, by the aid of this same prin-
ciple, that all possible irregularities which can occur
among the planets, have a narrow, definite limit,—in-
creasing first on one side, then on the other, and thus

of the moon and earth? When does the sun attract the moon more
than the earth? When the earth more than the moon? What va-
rious disturbancesdoes it produce on the moon’s motions ?

289. Does the principle of universal gravitation account for the ir-
regularities of the celestial motions ? How were many of them first
discovered ? Will these irregularities produce disorder and ruin?
‘What has been shown respecting their limit t

23



a dense portion of matter. Though it is

-small when compared with the other parts .
and is sometimes wanting altogether, yet
ally is large enough to be measured by th
Htelescope. The envelope (sometimes call
Yfrom a Latin word signifying hair, in al
hairy apperance,) is a thick, misty coveri
rounds the head of the comet. Many con
nucleus, but present only a foggy mass. 1
is a regular gradation of comets, from such
posed merely of a gaseous or vapory medi

290. What is said of the knowledge astronomers
- comets ?
291. Specify the severs) parts of a comet, W deny
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wwhich have a well defined nucleus. In some instan-
ces, astronomers have detected, with their telescopes,
small stars through the densest part of the comet. The
tail is regarded as an expansion or prolongation of the
envelope, and presenting, as it sometimes does, a train
of astonishing length, it confers on this class of bodies
their peculiar celebrity. These several parts are ex-
hibited in Fig. 121, which represents the appearance

Fig.121.

of the celebrated comet of 1680, and which, in general
size and shape, is not unlike that of 1843. The latter,

-however, was not so broad in proportion to its length,
and its head (including the nucleus and coma) was far
less conspicuous.

292. In magnitude and brightness, comets exhibit
great diversity. History informs us of several comets
8o bright, as to be distinctly visible in the day time,
even at noon, and in the brightest sunshine. Such
‘was the comet seen at Rome a little before the assas-

AERS M IE BEETRTEE |

the nucleus—the envelope—the tail. How did the comet of 1680 com-
pare with that of 1843 7

292. What is said of the magnitude and brightness of corets 2 Q€
the cometsecn at Rome 7 Of that of 16807 Of 13111 Wow wwal

f
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sination of Julius Cesar; and, in a superstitious age,
very naturally considered as the precursor of that
event. The comet of 1680 covered an arc of the hea-
vens of ninety-seven degrees, sufficient to reach from
the setting sun to the zenith, and its length was esti-
mated at 123,000,000 miles. The comet of 1811,
had a nucleus only 428 miles in diameter, but a tail
132,000,000 miles long; and had it been coiled around
the earth like a serpent, it would have reached round
more than 5000 times. Other comets are exceedingly
small, the nucleus being in one case estimated at only
25 miles; and some which are destitute of any per-
ceptible nucleus, appear to the largest telescopes, even
when nearest to us, only as a small speck of fog. The
majority of comets can be seen only by the aid of the
telescope. Indeed, the same comet has different ap-
pearances at its different returns. Halley’s comet, in
1305, was described by the historians of that age, as
the comet of ¢ horrific magnitude ;” yet, in 1835, when
it re-appeared, the greatest length of its tail was only
about twelve degrees, whereas that of the comet of
1843 was about forty degrees.

293. The periods of comets, in their revolutions
around the sun, are equally various. Encke’s comet,
which has the shortest known period, completes its
revolution in 31 years ; while that of 1811 is estimated
to have a period of 3,383 years. The distances to
which different comets recede from the sun, are equally
various, While Encke’s comet performs its entire
revolution within the orbit of Jupiter, Halley’s comet
recedes from the sun to twice the distance of Uranus,
or 3600,000,000 miles. Some comets, indeed, are
thought to go a much greater distance from the sun

are some comets ? How does the same comet appear at its different
returns

293. What is said of the periods of the comets 7 Of Encke’s com-
et? Of that of 18117 What of the distances to which they recede
from the sun ?
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than this; while some are supposed to pass into curves,
which do not, like the ellipse, return into themselves ;
and, in this case, they never come back to the sun.

294. Comets shine by reflecting the light of the sun.
In one or two cases, they have been thought to exhibit
distinct phases, like the moon, and experiments made
on the light itself, indicate that it is reflected and not
direct light. The tails of comets extend in a direct
line from the sun, following the body as it approaches
that luminary, and preceding the body as it recedes
from it.

295. The quantity of matter in comets is exceed-
ingly small. The tails consist of matter so light, that
the smallest stars are visible through them. They
can only be regarded as masses of thin vapor, suscep-
tible of being penetrated through their whole substance
by the sunbeams, and reflecting them alike from their
interior parts and from their surfaces. “The highest
clouds that float in our atmosphere,” (says a great
astronomer, Sir John Herschel,) “must be looked
upon as dense and massive bodies compared with the
filmy and all but spiritual texture of a comet.” The
small quantity of matter in comets is proved by the
fact, that they have at times passed very near to some
of the planets, without disturbing their motions in any
appreciable degree. As the force of gravity is always
proportioned to the quantity of matter, were the density
of these bodies at all comparable to their size, on
coming near one of the planets, they would raise enor-
mous tides, and perhaps even draw the planet itself
out of its orbit. But the comet of 1770, in its way to
the sun, got entangled among the satellites of Jupiter,
and remained near them four months; yet it did not

294. By what light do comets shine? Do they ever exhibit phases ?
What is the direction of their tails ?

295, Quantity of matter in comets ? Extreme thinness? What

proofs are stated to show their small;;ua.ntity of matter? What is said
. 23
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perceptibly change their motions. The same comet
also came very near to the earth ; so that, had its quan-
tity of matter been equal to that of the earth, it would,
by its attraction, have caused the earth to have revolved
in an orbit so much larger than at present, as to have
increased the length of the year two hours and forty-
seven minutes. Yet it produced no semsible effect on
the length of the year. It may, indeed, be asked,
what proof we have that comets have any matter, and
are not mere reflexions of light? The answer is, that
although they are not able, by their own force of attrac-
tion, to disturb the motions of the planets, yet they are
themselves exceedingly disturbed by the action of the
planets, and in exact conformity with the laws of uni-
versal gravitation. A delicate compass may be greatly
agitated by the vicinity of a mass of iron, while the
iron is not sensibly affected by the attraction of the
needle.

296. The motions of comets are the most wonderful
of all their phenomena. When they first come into
view, at a great distance from the sun, as is sometimes
the case, they make very slow approaches from day
to day, and even, in some cases, advance but little from
week to week. When, however, they come near to
the sun, their velocity increases with prodigious rapid-
ity, sometimes exceeding a million of miles an hour;
they wheel around the sun like lightning ; and recede
again with a velocity which diminishes at the same
rate as it before increased. We have seen that the
planets move in orbits which are nearly circular, and
that therefore they always keep at nearly the same dis-
tance from the sun. Not so with comets. Their peri-
helion distance is sometimes so small that they almost

of the c'?met of 17707 What proof have we that they contain any
matter

296. What is said of the motions of comets? What is the shapeof
their orbits 7 Of their distance from the sun at the perihelion and at
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graze his surface, while their aphelion lies far beyond
the utmost bounds of the planetary system, towards
the region of the stars. This was the case with the
comet of 1680, and the same is probably true of the
wonderful comet of 1843. But irregular as are their
motions, they are all performed in exact obedience to
the great law of universal gravitation. The radius
vector always passes over equal spaces in equal times ;
the greater length of the triangular space described at
the aphelion, where the motion is so slow, being com-
pensated by the greater breadth of the triangular space
swept over at the perihelion, where the motion is so
swift.

297. The appearances of the same comet at differ-
ent periods of its return are so various, that we can
never pronounce a given comet to be the same with
one that has appeared before, from any peculiarities in
its form, size, or color, since in all these respects it is
very different at different returns ; but it is judged to
be the same if its path through the heavens, as traced
among the stars, 1s the same. If, on comparing two
comets that have appeared at different times, they both
moved in orbits equally inclined to the ecliptic ; if they
crossed the ecliptic in the same place among the stars ;
if they came nearest the sun, or passed their peri-
helion, in the same part of the heavens; if their dis-
tance from the sun at that time was the same ; and,
finally, if they both moved in the same direction with
regard to the signs, that is, both east, or both west;
then we should pronounce them to be one and the same
comet. But if they disagreed in more or less of these
particulars, we should say that they were not the same
but different bodies.

their aphelion? Are the motions of a comet subject to the laws of
gravitation ?
297. How do we determine thata comet is the same with one that
R‘ appeared before ? Enumerate the several particulars in which the
o must agree ?
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298. Having established the identity of a comet
with one that appeared at some previous period, the
interval between the two periods would either be the
time of its revolution, or some multiple or aliquot part of
thattime. Should we, for example, find a present comet
to be identical with one that appeared 150 years ago, its
period might be either 150 or 75 years, since possibly
it might have returned to the sun twice in 150 years,
although its intermediate return, at the end of 75 years,
was. either not observed or not recorded. Hence the
method of predicting the return of a comet which has
once appeared requires, first, that we ascertain with
all possible accuracy the particulars enumerated in
article 297, which are called the elements of the comet,
and then compare these elements with those of other
comets as recorded in works on this subject. The
elements of about 130 comets have been found and
registered in astronomical works, to serve for future
comparison, but three only have their periodic times
certainly determined. These are I1alley’s, Biela’s, and
Encke’s comets; the first of which has a period of 75
or 76 years ; the second, of 63 years; the third, of
3} years.

299. Halley’s comet is the most interesting of these,
and perhaps, on all accounts, the most interesting mem-
ber of the solar system. It was the first whose return
was predicted with success. Having appeared in
1682, Dr. Halley, a great English astronomer, then
living, ascertained that its elements were the same
with one that had appeared several times before, at
intervals corresponding to about seventy-six years, and
hence pronounced this to be its period, and predicted

298. When the identity with a previous comet is established, how
do we learn the time of its revolution ! What is the method of pre-
dicting their return ?  Of how many comets have the elements been
determined 7 How many have their periods certainly ascertained ?

299. What is said of Halley’s comet? What prevented Halley’s
fixing the exact moment of its return? What is said about weighing

. —————— -
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distance, the calculation was to be made for every de-
gree of the orbit, separately, through 360 degrees, for
a period of seventy-six years. Guided, however, by
such an unerring principle as universal gravitation,
astronomers felt no doubt that the comet would be true
to its appointed time, and they therefore told us, months
beforehand, the time and manner of its first approach,
and its subsequent progress. They told us that early
in August, 1835, the comet would appear to the tele-
scope as a dim speck of fog, at a certain hour of the
night, in the northeast, not far from the seven stars;
that it would slowly approach us, growing brighter and
larger, until in about a month, it would become vis-
ible to the naked eye; that, on the night of the sev-
enth of October, it would approach the constellation
of the Great Bear, and move along the northern sky
through the seven bright stars of that constellation
called the Dipper; that it would pass the sun about
the middle of November, and re-appear again on the
other side of the sun about the end of December. All
these predictions were verified, with a degree of exact-
ness that constitutes this one of the highest achieve-
ments of science.

301. Since comets which approach very near the
sun, like the comets of 1680 and 1843, cross the orbits
of all the planets, in going to the sun and returning,
the possibility that one of them may strike the earth
has often been suggested, and at times created great
alarm. It may quiet our apprehensions on this subject
to reflect on the vast extent of the planetary spaces,
in which these bodies are not crowded together as we
see them erroneously represented in orreries and dis-
grams, but are sparsely scattered at immense distances
from each other, resembling insects flying in the open

Describe the difficulties attending it. What did astonomers tell us be-
forehand ?  How were these predictions fulfilled ?
301. What is said of the dungerthat a comet will strike the earth?
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"heaven. Such a meeting with the earth is a very im-
probable event ; and were it to happen, so extremely
light is the matter of comets, that it would probably be
stopped by the atmosphere ; and if the matter is com-
bustible, as we have some reason to think, it would
probably be consumed without reaching the earth.
And, finally, notwithstanding all the evils of which
comets, in different ages of the world, have been con-
sidered as the harbingers, we have no reason to think
that they ever did or ever will do the least injury to
mankind. .

CHAPTER VIIL
FIXED STARS.

NUMBER, CLASSIFICATION, AND DISTANCE OF THE STARS8—DIFFER-
ENT GROUPS AND VARIETIES—NATURE OF THE STARS, AND THE
S8YSTEM OF THE WORLD.

302. Vast as are the dimensions of the Solar Sys-
tem, to which our attention has hitherto been confined,
it is but one among myriads of systems that compose
the Universe. Every star is a world like this. ‘The
Sixed stars are so called, because, to common observa-
tion, they always maintain the same situations with
respect to each other. In order to obtain as clear and
distinct ideas of them as we can, we will consider,
under different heads, the number, classification, and
distances of the stars—their various orders—their na-
ture—and their arrangement in one grand system.

Skc. 1. Of the Number, Classification, and Distances
of the Stars.

What vg;lﬁvhappen if it should ? Have comets ever heen known to

do any wury ?
302. Why are the fixed stars so called? Under what &ifierentteeds
are the fixed stars considered ?






FIXED STARB. 277

to the number of fifteen or twenty, are considered as
stars of the first magnitude ; the fifty or sixty next
brightest, of the second magnitude ; the next two
hundred, of the third magnitude ; and thus the number
of each class increases rapidly, as we descend the
scale, 8o that no less than fifteen or twenty thousand
are included within the first seven magnitudes.

305. The stars have been grouped in constellations
from the most remote antiquity. A few, as Orion,
Bootes, and Ursa Major, (the Great Bear,) are men-
tioned in the most ancient writings, under the same
names as they have at present. The names of the
constellations are sometimes founded on a supposed
resemblance to the objects to which those names be-
long; as the Swan and the Scorpion were evidently
80 denominated from their likeness to these animals.
Bat, in most cases, it is impossible for us to find any
reason for designating a constellation by the figure of
the animal or hero which is employed to represent it.
These representations were probably once connected
with the fables of heathen mythology. The same fig-
ures, absurd as they appear, are still retained for the
convenience of reference ; since it is easy to find any
particular star, by specifying the part of the figure to
which it belongs; as when we say a star is in the
neck of Taurus, in the knee of Hercules, or in the tasl
of the Great Bear. This method furnishes a general
clue to their position ; but the stars belonging to any
individual constellation, are distinguished according
to their apparent magnitudes, as follows : First, by the
Greek letters, Alpha, Beta, Gamma, &c. Thus, Alpha,
of Orion, denotes the largest star in that constellation ;

How many stars of the first magnitude? How many of the second 7
Of the third? How many within the first seven ?

305. What is said of the antiquity of the constellations ? Origin of
their names 7 Why are the ancient figures retained? How are the
individual stars of a constellation denoted ?

24
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Beta, of Andromeda, the second star in that; and
Gamma, of the Lion, the third brightest star in the
Lion. When the number of the Greek letters is insuf
ficient, recourse is had to the letters of the Roman
alphabet, a, b, ¢, &c.; and in all cases where these
are exhausted, the final resort is to numbers. This
will evidently at length become necessary, since the
largest constellations contain many hundreds or even
tuousands of stars.

306. When we look at the firmament on a clear
Autumnal or Winter evening, it appears so thickly set
with stars, that one would perhaps imagine, that the
task of learning even the brightest of them would be
almost hopeless. So far is this from the truth, that it
is a very easy task to become acquainted with the
names and positions of the stars of the first magnitude,
and of the leading constellations. It is but, at first,
to obtain the assistance of an instructor, or some friend
who is familiar with the stars, just to point out a few
of the most conspicuous constellations. A few of the
largest stars in it will serve to distinguish a constella-
tion, and enable us to recognize it. These we may
learn first, and afterwards fill up the group by finding
its smaller members. Thus we may at first content
ourselves with learning to recognize the Great Bear, by
the seven bright stars called the Dipper ; and we might
afterwards return to this constellation, and learn to
trace out the head, the feet, and other parts of the ani-
mal, Having learned to recognize the most noted of
the constellations, so as to know them the instant we
see them any where in the sky, we may then learn
the names and positions of a few single stars of special
celebrity, as Sirius, (the Dog-star,) the brightest of all
the fixed stars, situated in the constellation Canis Ma-

306. Is it adifficult task to learn the constellations, and the names
of the largest stars 7 What directions are given ?

-~ ———— -
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jor, (the Greater Dog;) Aldebaran, in Taurus; Arec-
turus, in Bootes ; Antares, in the Scorpion; Capella,
in the Waggoner.

307. It is a pleasant evening recreation for a small
company of young astronomers to go out together, and
learn one or two constellations every favorable eve-
ning, until the whole are mastered. A map of the
stars, placed where the company can easily resort to
it, will, by a little practice, enable them to find the
relative situations of the stars, with as much ease as
they find those of places on the map ofany country. A
celestial globe, when it can be procured, is better still ;
for it may be so rectified as to represent the exact
appearance of the heavens on any particular evening.
It will be advisable to learn first the constellations of the
zodiac, which have the same names as the signs of
the zodiac enumerated in Article 203, (Aries, Taurus,
Gemini, &c.;) although any order may be pursued
that suits the season of the year. The most brilliant
constellations are in the evening sky in the Winter.*
. 308. Great difficulties have attended the attempt to
measure the distances of the fixed stars. We must
here call to mind the manner in which the distances
of nearer bodies, as the moon and the sun, are ascer-
tained, by means of parallax. 'The moon, for exam-
ple, is at the same moment projected on different
points of the sky, by spectators viewing her at places
on the earth at a distance from each other. (See
Art.218.) By means of this apparent change of place
in the moon, when viewed from different places, astron-

* For more particnlar directions for studying the constellations, inelu-
ding a description of the most important of them, the author be ve to
refer to his K\rgt-r books, as the *“School Astronomy,” and “geuen on
Astronomy.”

307. What is proposed as an evening’s recreation ? What use is to
be made of a celestial map or globe? With what constellations is it
advisable to commence ? .

308. What is said of the attempt to measure the distances of the fix-



red to be nearest to us. Although this res
tell us how far off the stars actually are, y
us that they cannot be within a distance
millions of millions of miles; for were t
that distance, the nicest observations woul
them some annual parallax. If these conc
drawn with respect to the largest of the
which we suppose to be vastly nearer to
those of the smallest magnitude, the idea ¢
swells upon us when we attempt to estim
moteness of the latter. Of some stars it i
thousands of years would be required for tt
travel down to us.

309. By some recent observations, how
supposed that the long sought for parallax
fixed stars has been discovered. In the

edstars? Have the stars in general any horizontal par
18 meant by saying that the stars have no wanual paral
what distance must the greatbody of the stars w\



Lt

FIXED STARS. 281

Professor Bessel, of Koningsberg, (Prussia,) announ-
ced the discovery of a parallax in one of the stars of
the constellation Swan, (61 Cygri,) amounting to
about one third of a second. This seems, indeed, so
small an angle, that we might have reason to suspect
the reality of the determination; but the most com-
petent judges, who have thoroughly examined the pro-
cess by which the discovery was made, give their
assent to it. What, then, do astronomers understand
when they say, that a parallax has been discovered in
one of the fixed stars,amounting to one-third of a sec-
ond? They mean that the star in question apparently
shifts its place in the heavens to that amount, when
viewed at opposite extremities of the earth’s orbit;
namely, at points in space distant from each other
190,000,000 of miles. Let us reflect how small an
arc of the heavens is one-third of a second! The
angular breadth of the sun is but small, yet this is
towards six thousand times as great as the discovered
parallax. On calculating the distunce of the star from
us, by this means, it is found to be six hundred and
fifty-seven thousand seven hundred times ninety-five
millions of miles,—a distance which it would take
light more than ten years to traverse.

Skc. 2. Of Groups and Varicties of Stars.

310. Under this head, we may consider Double,
Temporary, and Variable Stars; Clusters and Nebule.
Double Stars are those which appear single to the
naked eye, but are resolved into two by the telescope ;
or, if not visible to the naked eye, they are such as,

309. Give an account of the discovery of the parallax of 61 Cygni?
How much isit? What do astronomers understand by this? How
much less angular breadth is one third of a second thanthe breadth of
the sun? What distance does this imply ?

310. Enumerate the diﬂ'eren: groups and varieties of the stars.

24



a star with a planetary satellite. The diagram sh
four double stars, as they appear in large telescop

311. A circumstance which has given great inte
to the double stars is, the recent discovery that s
of them revolve around each other. ‘Their time
revolution are very different, varying in the cas
those already ascertained, from 43 to 1000 year:
more. The revolutions of these stars have reve
to us this most mteresung fact, that the law of g

What. are double stars?  Give an example u;‘éa—sw;~ﬁ’—;y_ _ma
the smaler star be a planetary saweline
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tation extends to the fixed stars. Before these discov-
eries, we could not decide, except by a feeble analogy,
that this law extended beyond the bounds of the solar
system. Indeed, our belief rested more upon our idea
of unity of design in the works of the Creator, than
upon any certain proof ; but the revolution of one star
around another, in obedience to forces which are proved
to be similar to those which govern the solar system,
establishes the grand conclusion, that the law of grav-
itation is truly the law of the material universe.

312. Temporary Stars are new stars, which have
appeared suddenly in the firmament, and after a sud-
den interval, as suddenly disappeared, and returned no
more. It was the appearance of a new star of this
kind, one hundred and twenty-five years before the
Christian era, that prompted Hipparchus to draw up a
catalogue of the stars, so that future astronomers
miiht be able to decide the question, whether the star-
ry heavens are unchangeable or not. Such, also, was
the star which suddenly shone out in the year 389, in
the constellation Eagle, as bright as Venus, and after
rempaining three weeks; disappeared entirely. In1572,
a new star suddenly appeared, as bright as Sirius, and
continued to increase until it surpassed Jupiter when
brightest, and was visible at mid-day. In a month, it
began to diminish ; and, in three weeks afterwards, it
entirely disappeared. It is also found that stars are
now missing, which were inserted in ancient cata-
logues, as then existing in the heavens.

313. Variable Stars are those which undergo a pe-
riodical change of brightness. One of these is the
star Mire, in the whale. It appears once in eleven

311. What has recently given great interest to the double stars?
‘What inference is made respecting the law of gravitation?

312. What are temporary stars 7 What led Hipparchus to number
the stars? What is said of the star of 389 7 Of 15727 What stars
are now missing ?
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months, remains at its greatest brightness about a fort-
night, being then equal to a star of the second magpi-
tude. It then decreases about three months, until it
becomes completely invisible, and remains so about
five months, when it again becomes visible, and con-
tinues increasing during the remaining three months
of its period. Another variable star iu Perseus, goes
through a great variety of changes in the course of
three days. Others require many years to accomplish
the period of their changes.

314. Clusters of stars will next claim our attention.
In various parts of the sky, in a clear night, are seen
large groups which, either by the naked eye, or by
the aid of the smallest telescope, are perceived to
consist of a great number of small stars. Such are
the Pleiades, Coma Berenices, (Berenice’s Hair,) and
Przsepe, or the Beehive, in Cancer. The Pleiades,
or Seven Stars, as they are called, in the neck of T'au-
rus, is the most conspicuous cluster. With the naked
eye, we do not distinguish more than six stars in this
group; but the telescope exhibits fifty or sixty stars,
crowded together, and apparently separated from the
other purts of the starry heavens. Berenices’s Hair,
which may be seen in the summer sky in the west, a
little westward of Arcturus, has fewer stars, but they
are of a larger class than those which compose the
Pleiades. ‘I'he Beekive, or Nebula of Cuncer, as it is
called, is one of the finest objects of this kind for a
small telescope. A common spy-glass, indeed, is suf-
ficient to resolve it into separate stars. It is easily
found, appearing to the naked eye somewhat hazy,
like a comet, the stars being so near together that their
light becomes blended. A reference to a celestial
map or globe will show its exact position in the con-

313. What are variall: stars? Give an example in Mira, and in
Perseus,

3i4. What is said of clusters of stars? Give examples. What is
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stellation Cancer, and it will well repay those who can
command a telescope of any size, for the trouble of
looking it up. A similar cluster in the sword handle
of Perseus, near the well known object, Cassiopea’s
Chair, in the northern sky, also presents a very beau-
tiful appearance to the telescope.

315. Nebule are faint, misty appearances, which
are dimly seen among the stars, resembling comets, or
a speck of fog. A few are visible to the naked eye;
one, especially, in the girdle of the consteilation An-
dromeda, which has often been reported as a newly
discovered comet. The greater part, however, are
visible only to telescopes of greater or less power.
They are usually resolved by the telescope into myr-
iads of small stars; though, in some instances, no
powers of the telescope have been found sufficient to
resolve them. The Galaxy, or Milky Way, presents
a continual succession of large nebule. The great
English astronomer, Sir William Herschel, has given
catalogues of 2,000 nebule, and has shown that nebu-
lous matter is distributed through the immensity of
space in quantities inconceivably great, and in separate
parcels of all shapes and sizes, and of all degrees of
brightness, between a mere milky veil and the con-
densed light of a fixed star. In fact, more distinct
nebule have been hunted out by the aid of telescopes,
than the whole number of stars visible to the naked
eye in a clear winter’s night. Their appearances are
extremely diversified. In many of them we can ea-
sily distinguish the individual stars; in those appa-
rently more remote, the interval between the stars
diminishes, until it becomes quite imperceptible ; and

said of the Pleiades? What of Berenice’s Mair? What of the Bee-
hive? Of the cluster in Perseus ?

315. What are Nebule ? Are anyvisible to the naked eye? How
do they appear by the telescope ? What is said of the Galaxy or Milky
Way ? ﬁ?)ew many nebule did Herschel discover 7 Canwe teadwa
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in their faintest aspect they dwindle to points so mi-
nute, as to be appropriately called star dust. Beyond
this, no stars are distinctly visible, but only streaks or
patches of milky light. In objects so distant as these
assemblages of stars, any apparent interval between
them must imply an immense distance ; and were we
to take our station in the midst of them, a firmament
would expand itself over our heads like that of our
evening sky, only a thousand times more rich and
splendid ; and were we to take our view from sucha
distant part of the universe, it is thought by astrono-
mers that our own starry heavens would all melt to-
gether into the same soft and mysterious light, and be
seen as a faint nebula on the utmost verge of creation.

316. Many of the nebule exhibit a tendency towards
a globular form, and indicate a rapid condensation
towards the center. These wonderful objects, how-
ever, are not confined to any particular form, but ex-
hibit great varieties of figure. Sometimes they appear
of an oval form; sometimes they are shaped like a
fan; and the unresolvable kind often assume the most
fantastic forms. But, since objects of this kind must
be seen before they can be fully understood, it is hoped
the learner will avail himself of any opportunity he
may have to contemplate them through the telescope.
Some of them are of astonishing dimensions. It is
but liule to say of many a nebula, that it would more
than cover the whole solar system, embracing within
it the immense orbit of Uranus.

Skc. 3. Of the Nature of the Stars, and the System
of the World.

them all into stars? If we were to take our position in the midst of &
reat nebula what should we see over our heads? How would our
ament appear ?
316. What is said of the different forms of nebulee 2 What of their
dimensions ?
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317. We have seen that the stars are so distant,
that not only would the earth dwindle to a point, and
entirely vanish as seen from the nearest of them, but
that the sun itself would appear only as a distant star,
less brilliant than many of the stars appear to us.
The diameter of the orbit of Uranus, which is about
3600,000,000 of miles, would, as seen from the nearest
star, appear so small that the finest hair would more
than cover it. The telescope itself, seems to lose all
power when applied to measure the magnitudes of the
stars ; for although it may greatly increase their light,
so as to make them dazzle the eye like the sun, yet
it makes them no larger. They are still shining points.
We may bring them, in effect, 6000 times nearer, and
yet they are still too distant to appear otherwise than
points. It would, therefore, seem fruitless to inquire
mto the nature of bodies so far from us, and which
reveal themselves to us only as shining points in space.
Still there are a few very satisfactory inferences that
can be made out respecting them.

318. First, the fixed stars are bodies greater than our
earth. Were the stars no larger than the earth, it
would follow, on optical principles, that they could not
be seen at such a distance as they are. Attempts have
been made to estimate the comparative magnitudes of .
the brightest of the fixed stars, from the light which
they afford. Knowing the rate at which the intensity
of light decreases as the distance increases, we can
find how far the sun must be removed from us, in order
to appear no brighter than Sirius. The distance is
found to be 140,000 times its present distance. But
Sirius is more than 200,000 times as far off as the
sun; hence it is inferred, that it must, upon the lowest
estimate, give out twice as much light as the sun; or

317. How would our sun appear from the nearest fixed star ? How
broad would the orbit of Uranus appear
318, What is said of the size of the stars ? Are the stars of variona
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319. Secondly, the fixed stars are Su
ferred that they shine by their owna light,
the planets, by reflected light, since re
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the naked eye; nor as land marks to the navigator, for
only a small portion of them are adapted to this pur-
pose ; nor, finally, to influence the earth by their at-
tractions, since their distance renders such an effect
entirely insensible. If they are suns, and if they ex-
ert no important agencies upon our world, but are
bodies evidently adapted to the same purpose as our
sun, then it is as rational to suppose that they were
made to give light and heat, as that the eye was made
for seeing and the ear for hearing.

320. We are thus irresistibly led to the conclusion,
that each star is a world within itself,—a sun, attend-
ed, like our sun, by planets to which it dispenses light
and heat, and whose motions it controls by its attrac-
tion. Moreover, since we see all things on earth con-
trived in reference to the sustenance, safety, and hap-
piness of man,—the light for his eyes, the air for his
lungs, the heat to warm him, and to perform his labors
by its mechanical and chemical agencies; since we see
the earth yielding her flowers and fruits for his sup-
port, and the waters flowing to quench his thirst, or to
bear his ships, and all the animal tribes subjected to
his dominion ; and, finally, since we see the sun him-
self endued with such powers, and placed at just such
a distance from him, as to secure his safety and min-
ister in the highest possible degree to his happiness;
we are left in no doubt that this world was made for the
dwelling place of man. But, on looking upwards at the
other planets, when we see other worlds resembling
this in many respects, enlightened and regulated by
the same sun, several of them much larger than the
earth, furnishing a more ample space for intelligent
beings, and fitted up with a greater number of moons

made ? Might it not have been to give light by night—to afford land
marks to the navigator—or to exert a power of attraction on the earth ?
320. To what conclusion are we thus led? For what end were the
stars made ?
P4
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tem of the World, or to see in what order
bodies that compose the universe are arran
thing is apparent to all who have studied 1
nature,—that great uniformity of plan att
department of the works of creation. A dr
has the same constitution as the ocean; a
air, the same as the whole atmosphere.
and the eggs of a particular species of bi
same in all ages; the anatomy of man is
that the mechanism of one body is that o
A similar uniformity pervades the mechan
heavens. To begin with the bodies neare:
see the earth attended by a satellite, the
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universal gravitation. Since the discovery
escope has enabled us to see into the me
the other planets, we see that Jupiter, S
Uranus, have each a more numerous retin
still fashioned according to the same model
dient to the same law. The recent discon
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titude of stars assembled together into one group ; and,
although we have not yet been able to detect a com-
mon system of motions of revolution among them, and
on account of their immense distance, particularly of
the nebul®, perhaps we never shall be able, yet this
very grouping indicates a mutual relation, and the
symmetrical forms which many of them exhibit, prove
an organization for some common end. Now such is
. the uniformity of the plan of creation, that where we
have discovered what the plan is in the objects nearest
to us, we may justly infer that it is the same in similar
objects, however remote. Upon the strength of a sound
5, analogy, therefore, we infer revolutions of the bodies
y composing the most distant nebule, similar to those
+ which we see prevail among all nearer worlds.

322. This argument is strengthened and its truth
rendered almost necessary, by the fact that without
such motions of revolution, the various bodies of the
universe would have a tendency to fall into disorder
and ruin. By their mutual attractions, they would all
tend directly towards each other, moving at first, in-
deed, with extreme slowness, but in the lapse of ages,
with accelerated velocity, until they finally rushed
together in the common center of gravity. We can
conceive of no way in which such a consequence
could be avoided, except that by which it is obviated
in the systems which are subject to our observation,
namely, by a projectile force impressed upon each
body, which makes it constantly tend to move directly
forward in a straight line, but which, when combined
with the force of gravity existing mutually in all the
bodies of the system, gives them harmonious revolu-
tions around each other.

.

: 'indicatig’ns of systematic arrangement do we see in the clusters and
nebulze

f 322. What would hqﬂen to the various bodies in the universe, with-

, outsuchrevolutions 7 How could such a consequence be avcdedN\
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